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1.0  SUMMARY 
T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of  a s t u d y  c a r r i e d  o u t  t o  
modify t h e  c o n c e p t u a l  d e s i g n  and performance of  t h e  r e f e r e n c e  
c o a l - f i r e d ,  c o n v e n t i o n a l  f u r n a c e  electric power g e n e r a t i n g  p l a n t  
w i t h  w e t  l i m e  s u l f u r  d i o x i d e  s c r u b b e r ,  deve loped  d u r i n g  t h e  Energy 
Conversion A l t e r n a t i v e s  Study (ECAS; Ref. 7 ) ,  t o  comply w i t h  t h e  
New Source Performance S tanda rds  (NSPS), shown i n  t a b l e  I ,  pro-  
mulgated by t h e  U.S. Environmentai  P r o t e c t i o n  Agency i n  June  1979. 
It a l s o  p r e s e n t s  d e t a i l e d  c a p i t a l  c o s t  estimates f o r  t h e  ECAS and 
mod i f i ed  r e f e r e n c e  p l a n t s  i n  mid-1978 d o l l a r s  f o r  b o t h  250' and 
175O F (394O and 353O K) s t a c k  g a s  r e h e a t  t e m p e r a t u r e s  based  on 
t h e  c o s t  estimates deve loped  f o r  t h e  ECAS s t u d y .  
The scope  of t h e  work f o r  t h i s  s t u d y  i n c l u d e d  
1. T e c h n i c a l  a s se s smen t s  o f ,  
- S u l f u r  d i o x i d e  s c r u b b e r  system d e s i g n  
- On-s i t e  c a l c i n a t i o n  v e r s u s  purchased  lim1.2 
- Reheat of s t a c k  gas :  method -- s e l e c t i o n  p r e f e r e n c e  
- E f f e c t  of s u l f u r  d i o x i d e  s c r u b b e r  on p a r t i c u l a t e  
emis s ions  
- C o n t r o l  of n i t r o g e n  o x i d e s  
2 .  Determina t ion  of t h e  d e s i g n  changes r e q u i r e d  f o r  t h e  
ECAS r e f e r e n c e  p l a n t  t o  meet t h e  June  1979 NSPS, modi- 
f i c a t i o n  of  t h e  ECAS d e s i g n  d p p r o p r i a t e l y ,  and siSe-by- 
s i d e  comparison of  t h e  c h a r a c t e r i s t i c s  and c o s t s  o f  t h e  
modifiec! and unmodified components. 
3 .  Update of  t h e  ECAS r e f e r e n c e  p l a n t  d e t a i l e d  c a p i t a l  
c o s t  e s t i m a t e s  p r e s e n t e d  i n  t h e  ECAS s t u d y  ( R e f .  7 )  
from mid-1975 t o  mid-1978, and p r e s e n t a t i o n  i n  a format  
i n  accordance w i t h  t h e  F e d e r a l  Energy Regula tory  Com- 
mis s ion  (FERC) code of accoun t s .  
4 .  Development of d e t a i l e d  c a p i t a l  c o s t  e s t i m a t e s  f o r  
t h e  modi f ied  r e f e r e n c e  p l a n t ,  based  on t h e  c o s t e  of  
t h e  ECAS r e f e r e n c e  p l a n t .  
TABLE I .  - RELEVANT SOLID FUEL EMISSION 
LIMITS FROM THE JUNE 1979 EPA 
NEW SOURCE PERFORMANCE STANDARDS ( R e f .  2 )  
I PARTICULATE MATTER l ( a  0.03 lb/106 Btu heat input. 
(?'here 1s also a percent reduction of uncontrolled 
emissions requirement. Compliance with the stated 
limit, however, assures compliance with the percent 
i rcJ\rotion requirement). 
I 
, (L): 20 percent opacity (6-minute average) except for 
! 
I one 6-minute period per hour of not more than 27 
, percent opacity. 
1 I 
, 
I 
SULFllR DIOXIDE (SO2) 
6 / ( a )  1.2 lb/10 Btu heat input - and 10 percent of the 
i potential combustion concentration (90 percent I 
reduction). I 
I ( h )  30 percent of the potential combustion concentra- i tion (70 percent ~'ebuction) when emissions are less 
6 than 0.6 lbi10 Btu heat input. 
(Compliance with both Items (a) and (b) is based on 
I 
I 
a 30-day rolling average). 
NITROGEN OXIDES (NOx) 
I 6 0.6 lb/10 Rtu heat input for bituminous coal. 
I 
1 (There is also a percent reduction of uncontrolled 
I 
I emissions requirement. Compliance with the stated limit, however, assures compliance with the percent I reduction requirement). 
-- --* -- 
5.  Side-by-side comparison of the modified and ECAS refer- 
ence plant capital costs and costs of electricity. 
6. Preparation of a final report detailing the work done. 
The five technical assessments were carried out first in 
sufficient detail to determine their effects on possible plant 
design alternatives. Exhaustive, detailed technical and economic 
studies were beyond the scope of work. 
Based on the sulfur dioxide scrubber system design assess- 
ment, it was concluded that the modified reference plant should 
be designed for 90 percent reduction of uncontrolled sulfur 
6 dioxide emissions of 8.3 lb S02/10 Btu heat input, correspond- 
ing to a coal having a design sulfur content of 4.5 percent and 
heat value of 10,788 Btu/lb. These parameter values are the 
same as those employed in the ECAS reference plant. It was also 
concluded that the plant should be designed to burn two alternate 
coals with the properties shown in taole 11. The first corres- 
ponds to that used in the ECAS study (Ref. 7 1 ,  the second to that 
used in the ETF study (Ref. 5). 
nased on thc technical assessment of on-site calcination 
versus purchased lime, it was concluded that neither on-site 
lime production, which was included in the ECAS study, nor the 
purchase of lime from an off-site manufacturer should be included 
in the modified reference plant design. The on-site lime pro- 
duction and purchased lime alternatives were both determined to 
be more expensive than direct limestone utilization. Wet lime- 
stone scrubbers, therefore, were substituted in the modified 
reference plant for the wet lime scrubbers included in the ECAS 
rtlf~rence plant. This design change decreased the cost of the 
SO2 scrubber system and reduced the coal input rate to the plant 
by the* amount required for. the on-site lime production, result- 
ing in an approximately 0.5 percent increase in plant efficiency. 
Seven alternatives for the method of stack gas reheat were 
considered for use in the modified reference plant. These were: 
TABLE I - SELECTED PROPERTIES OF ILLINOIS NO. 6 BITUMINOUS 
COALS USED FOR DESIGN OF THE MODIFIED REFERENCE PLANT 
7 
Primary Coal (1) Alternate coal ( 2 )  
Properties Standard Standard 
Mean Deviation Me an Deviation 
Proximate Analysis 
(AS Received) , % (we) 
- 
Moisture 13.0 1.1 8.9 1.1 
Volatile Matter 36.7 1.7 38.0 1.1 
Fixed Carbon 40.7 2 .O 41.7 1.0 
Ash 9.6 0.9 11.4 1.1 
Ultimate Analysis 
(As Received) , % (wt ) 
sulfur 3.9 0.3 3.3 0.6 
Hydrogen 5.9 0.1 5 . 4 0.1 
Carbon 59.6 1.2 62.4 0.6 
Nitrogen 1.0 0.05 1.2 0.02 
Oxygen 20.0 1.2 16.3 0.9 
Ash 9.6 0.9 11.4 1.1 
Higher Heat Value 
(As R~ceived), ~tu/lb 10788 2 16 11265 135 
HVC B - HVCB - Coal Rank 
Ash Analysis, % (wt) 
Si02 46.6 6.1 41.4 5.4 
A1203 19.3 6.8 19.3 6.8 
Fez03 20.8 6.3 22.3 6.8 
Ti02 1 0.8 0.3 0.9 0.3 
0.24 0.1 0.12 0.04 P2°5 
CaO 7.7 4.7 5.4 3 . 3 
0.9 I 0.7 1.7 1.3 
0.2 0.1 i 0.6 0.2 
1.7 0.3 2.1 0.4 
2.4 0.2 7.5 0.6 , 
I 1 Initial Defcrmation 
I Temp., F ( c  K) 1960 (1344) 70 (39) 
I Softening Temp., 
0 F (O K) 68 (38) 1 2030 (13811 70 (39) 
2260 (1511) 200 (111) ' Fluid Temp., O F (O K) 
I Grindability, H.G.I. 5 4 54 2 
1 
(1) Corresponds to the coal used in the ECAS study (Ref. 7). 
(2) Corresponds to the coal used in the ETF study (Ref. 5). 
4 
(1) i n - l i n e  ( d i r e c t  s t eam- f lue  g a s  h e a t  exchange ) ,  ( 2 )  i n d i r e c t  
( s t eam-a i r - s t ack  g a s  h e a t  exchange ) ,  ( 3 )  combined i n d i r e c t  and 
i n - l i n e ,  ( 4 )  d i r e c t  combustion ( u s i n g  oil), ( 5 )  f l u e  g a s  bypass ,  
( 6 )  waste h e a t  r ecove ry  (combustion gas -a i r - s t ack  g a s ) ,  and ( 7 )  
no r e h e a t .  Each a l t e r n a t i v e  was e l i m i n a t e d  i n  f a v o r  of t h e  
i n d i r e c t  ( s team-a i r - s tack  g a s  h e a t  exchange)  method ("method 2" 
used i n  t h e  ECAS r e f e r e n c e  p l a n t ) .  
I n - l i n e  r e h e a t  components (method I ) ,  and t h e  i n - l i n e  
p o r t i o n s  of combined i n d i r e c t / i n - l i n e  systems (method 3)  were 
noted  t o  be  s u s c e p t i b l e  t o  c o r r o s i o n  and s o l i d s  d e p o s i t i o n .  
T h e i r  r e h a ~ i l i t y  was t h e r e f o r e  expec ted  t o  be lower than  t h a t  
of i n d i r e c t  r e h e a t .  
A v a r i a t i o n  of i n - l i n e  r e h e a t  was a l s o  b r i e f l y  cons ide red  
i n  which t h e  i n - l i n e  component was s p l i t  i n t o  a p a r t  c o n s t r u c t e d  
of a more expens ive  c o r r o s i o n  r e s i s t a n t  a l l o y  and a p a r t  con- 
s t r u c t e d  of  a less expens ive  carbon s teel .  The a l l o y  p a r t  would 
be p l aced  j u s t  downstream of t h e  s c r u b b e r ,  where condensa t ion  
and a c i d i c  a t t a c k  would be most s e v e r e ,  and p r o v i d e  i n i t i a l  
supe rhea t  of t h e  f l u e  g a s  b e f o r e  i t  reached t h e  less r e s i s t a n t  
carbon steel p a r t .  Some s u c c e s s  of t h i s  method was n o t e d ,  b u t  
s i n c e  i t s  long-tern1 r e l i a b i l i t y  was n o t  proven i t  was e l i m i n a t e d .  
Direct combustion u t i l i z i n g  o i l  (method 4 )  was no ted  t o  be 
n o t  i n  accordance  w i t h  t h e  Fue l  U s e  A c t  and n a t i o n a l  p o l i c y  t o  
reduce  t h e  u se  of o i l .  I t  was a l s o  no ted  t h a t  t h e  method was 
expec ted  t o  be  r e l a t i v e l y  more expens ive  than  t h e  i n d i r e c t  
method i n  view of t h e  i n c r e a s e s  i n  t h e  p r i c e  of o i l  expec ted  
i n  t h e  f u t u r e .  
F lue  gas bypass  r e h e a t  (method 5 )  was no ted  to  r e q u i r e  
s e p a r a t e  t r ea tmen t  of t h e  bypassed g a s  b e f o r e  i t  was d i scha rged  
t o  t h e  atmosphere.  Thus,  i t  d i d  n o t  p rov ide  any advantages  over  
i n d i r e c t  r e h e a t  of t h e  t o t a l  f l u e  g a s .  
Waste h e a t  recovery  (method 6 )  u s ing  h e a t  e x t r a c t e d  from 
t h e  combustion g a s e s  j u s t  upstream of t h e  boiler a i r  p r e h e a t e r  
was no ted  t o  be promising f o r  t h e  f u t u r e .  However, i n s u f f i c i e n t  
information was available to assess its impact on the air pre- 
heater design, operation and cost, the operating temperatures 
downstream of the air preheater, the boiler efficiency and the 
overall reliability of the plant. 
The last method coneidered, no reheat (method 7 ) ,  wae also 
noted to be promising far the future. Since it eliminates the 
need to divert energy from the power cycle, it is very attractive. 
However, it requires a significant modification of the exhaust 
stack configuration and materials compared to a stack preceded 
by reheat. & few plants were noted to have been built employing 
the method, but they all included a provision for installing re- 
heat should it become necessary. This indicated the current lack 
of confidence in the long-term reliability of the method and made 
it less attractive than indirect reheat. 
Based on the assessment of the effect of the sulfur dioxide 
scrubber on particulate emissions it was concluded, for the pur- 
poses of this study, that current wet scrubber designs were ade- 
quate to meet the June 1979 New Source Performance Standards for 
the design coal. The scrubber ,zffects were noted to he due 
primarily to the effectiveness of the mist eliminator. At the 
time the New Source Performance Standards were promulgated, the 
EPA indicated that it was of the opinion that wet scrubber 
particulate emission could be made to comply, but the data were 
not conclusive and required further study. Acid mist carryover, 
however, created by the emission of moisture and the residual 
SO2, SO3 and NOx allowed by the June 1979 NSPS, and not currently 
subject to any emission limitation, was noted to be a possible 
problem in the future. Acid mist carryover affects accurate 
monitoring of the particulate emiseions. The EPA was noted to 
have recently proposed that a major emissions source, such as 
the coal-fired plant in this study, which emits more than one 
tone of sulfuric acid mist per year be subject to EPA approval 
that the best available control technology has been employed in 
the plant design. In addition, if the source exceeds 1pg/m 3 
24-hour ground level eulfuric acid mist concentration, a detailed 
ambient a i r  q u a l i t y  analymir would be requ i red .  S ince  t h e r e  
r e r t r i c t i o n r  were only  i n  t h e  p ropora l  stage a t  t h e  t iam of t h i s  
s tudy ,  t h e i r  a f f e c t s  on scrubber deaign or c08tr i f  any, were 
n o t  included.  
Based on t h e  assersment  of t h e  c o n t r o l  of  n i t r o g e n  oxides ,  
compliance wi th  t h e  0.6 l b  N O ~ / ~ O ~  Btu h e a t  i n p u t  June 1979 NSPS 
emission l i m i t  was concluded to  be ach ievab le  wi th  des ign  changes 
i n t e r n a l  t o  t h e  boiler fu rnace ,  m d e  by t h e  boiler msrnufacturer. 
These changes provided by one manufacturer ,  were noted t o  i n c l u d e  
redes ign  and r e o r i e n t a t i o n  of t h e  burners  t o  provide  a larger 
cambustion zone and more uniform mixing t o  p reven t  t h e  formation 
of high tempera ture  region. where NOx would be genera ted .  They 
a l s o  were noted to  permi t  o p e r a t i o n  wi th  a r t o i c h i a a t e t r i c  f u e l /  
a i r  mixture ,  which was i n  accordance wi th  t h e  s t aged  combustion 
technique  r e f e r r e d  t o  i n  t h e  ECAS s tudy (Ref. 7 ) .  Staged can- 
bus t ion  wi th  reduced excess  a i r ,  as r e f e r r e d  t o  i n  t h e  ECAS s tudy ,  
was noted t o  be b a s i c a l l y  a v a r i a t i o n  of t h e  technique  inc luded 
i n  t h i s  s tudy ,  ~ i n c e  it a l s o  extends  t h e  combustion zone t o  m&ke 
i t  Idore uniform by t u r n i n g  down the f u e l  f l o w  to t he  upper com- 
bus to r  burners ,  i n c r e a s i n g  it t o  t h e  lower ones and a t  t h e  rams 
t i m e  i n c r e a s i n g  t h e  a i r  f low to  t h e  upper burners .  P a r t i a l  com- 
bus t ion  takes p l a c e  a t  t h e  lower burners  and completion a t  t h e  
upper ones. Since t h e  NOx techniques  inc luded i n  t h e  ECAS and 
t h i s  s tudy were s imi lar ,  no incrementa l  cost d i f f e r e n c e s  were 
included f o r  t h e  b o i l e r  i n  t h i s  s t u d y  compared t o  t h a t  i n  t h e  
ECAS s tudy.  
2.0 INTRODUCTION 
In beceaber 1976, the National Aeronautic8 and Spa- Admini- 
stration (NASA) released the rerultr of a "Conceptual Daoign and 
Implementation Assessment of a Utility Steam Plant with Conventional 
Furnace and Wet Lime Stack Gar Scrubberrw (Ref. 1) a8 part of the 
Energy Converrion Alternatives Study ( E M ) .  The ECAS rtudy war 
undertaken by NASA for the National Sciance Foundation and Gepart- 
ment of Energy (called the Energy Rerearch and Developmnt m i n i -  
stration at the time), and had ar it8 primary objective, the identi- 
fication and comparison, on an equivalent baris, of national options 
for the future generation of electricity from coal and coal-derived 
fuels. Since the ECAS study focused on advanced concepts such as 
magnetohydrodynamics (MHD) for the converrion of heat to electricity, 
the conventional furn8ce plant provided a reference far canpariron. 
Among the guidelines specified for the plant designs included 
in the ECAS study were several controlling ones pertaining to the 
protection of the environment am required under Section 111 of the 
Clean Air Act of December 1971. Under Section 111, the Environ- 
mental Protection Agency (EPA) issued standards of perfarmanee to 
limit emissions of sulfur dioxide (SO2) ,  particulate matter and 
nitrogen oxides (NO,) from new, modified and reconstructed fossil- 
fuel-fired steam generators (Ref. 1). Those standards, revised in 
1973-74, were in effect at the time of the ECAS study, and farmed 
the basis upon which the design of the advanced concept and con- 
ventional furnace plants were based. 
About three years later in August 1977, President Jixny Carter 
signed into law the Clean Air Act Amendments of 1977. Under Section 
lll(b) ( 6 )  of the amended Act, the EPA was required to further revise 
the standapds of 1973-74, and on June 11, 1979 a revised set of 
standards (Ref. 2)  war promulgated. 
Bared on the revised s..*i\dards, the ECAS conventional furnace 
plant was no longer in compliance and could not be used as a refer- 
ence with confidence. The work presented in thia report, therefore, 
war camfsrioned by -A to modify the i6;C118 reference plant design 
to meet the EPA J ~ n e  1979 Nrw Source Performance Standard8 (NIPI), 
revire the detailed coat estimates for the construction of the 
plant developed during the KA8 rtudy, and prwidr ur up-to-datr 
reference with which to compare current advanced concept plurt 
dsrignr . 
The body of thir report I8 divided into nine numbered sactionr. 
S i x  lettered rectionr follow ar appendixer. Section8 1.0 and 2.0 
are sonrprirad of theme introductory r-rkr rnd a ruwrmary of the 
rtudy work included, rerpectively. 
Section 3.0 di rcurrer the criteria end guideliner rpecif ied 
for the rtudy. Among them are the EPA June 1979 New Source Perform- 
ance Standards, just mentioned, and the rite and fuel characterirticr, 
The fuel characterirtics are further dircurred in section Al.0, 
which preuents a technical asrcrrment of the sulfur dioxide rcrubbur 
rystem capability required to w e t  the EPA June I979 NSPS uring the 
coal characterirtics aelected. To provide reliability (and gen- 
erality), the plant is derigned to utilize two coalr, one correr- 
ponding to that specified for the ECAS rtudy (Ref. 7) and the other 
correrponding to that specified for the MiD engineering test f a 2 i l i t y  
(ETF) conceptual derign rtudy (Ref. 5). In addition, section 3.C 
alro dircusres the detailed capital cost presentation format and 
the calculation of the cout of electricity guidelines provided by 
NASA. The former correrponds closely to that ured in the ETF mtudy. 
Section 4.0 dircurrer the plant description which is funda- 
mentall: the same as that employed in the ECAS rtudy (Ref. 4 ) .  Be- 
caure of this similarity, much of the dercriptive information 
included ir extracted directly from the E W  study. The two flue 
gas reheat temperaturer, 250' m d  175' F (394O and 353' K), con- 
sidered in the ECAS rtudy, are alao conridered in an equivalent 
manner in this study, The porrible methods available for achieving 
the required flue gas reheat and the one r~lected for inclurion in 
the modified plant derign are dircussed in raction A3.C. One 
s i g n i f i c a n t  d i f f e r e n c e  is t h e  d e l e t i o n  of o n - s i t e  l i m e  product ion  
from t h e  p l a n t  des ign  i n  t h i s  s tudy.  The reasons  f o r  t h i s  are 
discussed i a  s e c t i o n  A2.0, which p r e s e n t s  a t e c h n i c a l  (and s e m i -  
q u a n t i t a t i v e  economic) assessment of o n - s i t e  c a l c i n a t i o n  ( l i m e  
production)  compared t o  purchased l i m e .  
Sec t ion  5.0 d i s c u s s e s  t h e  major p l a n t  components and charac te r -  
istics. Included are t h e  steam turbine-genera tor ,  steam g e n e r a t o r ,  
p a r t i c u l a t e  sc rubber  and s u l f u r  d iox ide  scrubber .  A s  i n  s e c t i o n  4.0, 
becaurs of t h e  r e q u i r e d  equivalence  and r e s u l t a n t  s i m i l a r i t y  of t h e  
modified re fe rence  p l a n t  w i t h  t h e  ECAS r e f e r e n c e  p l a n t ,  much of t h e  
d e s c r i p t i v e  material p resen ted  is  e x t r a c t e d  from t h e  ECAS s tudy 
(Ref. 7 ) .  Sec t ion  5.5 p r e s e n t s  a comparison of t h e  components of 
t h e  ECAS and modif ied r e f e r e n c e  p l a n t s  t o  i l l u s t r a t e  t h e  d i f f e r e n c e s  
i n  t h e i r  component c h a r a c t e r i s t i c s  and costs side by side. The two 
r e h e a t  temperature c a s e s  a r e  included.  A l l  t h e  balance-of-plant  
c o s t s  shown a r e  i n  mid-1978 d o l l a r s .  
Sec t ion  6.0 b r i e f l y  d i s c u s s e s  t h e  performance of t h e  modif ied 
r e f e r e n c e  p l a n t  w i t h  r e s p e c t  t o  t h e  steam c y c l e  (g ross  power) out-  
p u t ;  breakdown of a u x i l i a r y  l o s s e s ;  n e t  p l a n t  power o u t p u t ,  h e a t  
rate and e f f i c i e n c y .  An approximately 0.5 p e r c e n t  i n c r e a s e  i n  t h e  
modified p l a n t  e f f i c i e n c y  is noted due to  d e l e t i n g  o n - s i t e  l i m e  
product  ion. 
Sec t ion  7.0 p r e s e n t s  t h e  d e t a i l e d  p l a n t  c a p i t a l  cost estimates. 
Cost  e s t i m a t e s  f o r  t h e  ECAS r e f e r e n c e  pllknt - 250° F (394O K )  r e h e a t  
( t a b l e  X )  , ECAS r e f e r e n c e  p l a n t  - 17S0 F (353O K) r e h e a t  ( t a b l e  X I )  , 
Modified re fe rence  p l a n t  - 250° F (39d0 K )  r e h e a t  ( t a b l e  X I I )  , and 
Modified r e f e r e n c e  p l a n t  - 175O F (353O K )  r e h e a t  ( t a b l e  XIII) a r e  
included.  A l l  c o s t s  a r e  i n  mid-1978 d o l l a r s .  A l s o  inc luded  i n  
t h i s  s e c t i o n  is  a d i s c u s s i o n  of an i l l u s t r a t i o n  showing t h e  c o s t  I 
I 
accounts  a s s o c i a t e d  wi th  t h e  major p l a n t  components. 
Sect ion  8.0 p r e s e n t s  a comparison of t h e  d e t a i l e d  c a p i t a l  c o s t  
-i 
es t ima tes  as of mid-1978 f o r  t h e  ECAS and modif ied r e f e r e n c e  p l a n t s .  2 
Both t h e  250° and 175' F (394' and 353O K) s t a c k  gas  r e h e a t  tempera- 
il 
t u r e s  a r e  included s i d e  by s i d e .  Also inc luded i s  a siae by s i d e  
comparison of t h e  ECAS r e f e r e n c e  p l a n t  costs as of mid-1975 and 
mid-1978. 
Sec t ion  9.0 concludes t h e  numbered s e c t i o n s  wi th  a list of 
r e f e r e n c e s  used dur ing  t h e  execut ion  of t h e  s tudy.  
~ p p e n d i x  A p r e s e n t s  f i v e  c r i t i c a l  t e c h n i c a l  assessmentft 
which form t h e  b a s i s  of t h e  modified p l a n t  des ign .  Included are 
d i s c u s s i o n s  of t h e  s u l f u r  d iox ide  scrubber  system w i t h  r e s p e c t  
t o  des ign  s u l f u r  removal c a p a c i t y ,  on-s i t e  c a l c i n a t i o n  p rocess  
ve r sus  purchased l i m e ,  r e h e a t  of s t a c k  gas  methods, e f f e c t  of 
t h e  s u l f u r  d iox ide  scrubber  on p a r t i c u l a t e  emissions and c o n t r o l  
of n i t r o g e n  oxides .  
Appendix B p r e s e n t s  t h e  e s c a l a t i o n  method employed t o  update 
t h e  d e t a i l e d  c o s t s  of t h e  ECAS r e f e r e n c e  p l a n t  developed dur ing  
t h e  ECAS s tudy (Ref. 7 ) .  
Appendix C p r e s e n t s  t h e  o r i g i n a l  d e t a i l e d  c o s t  t a b l e s  a s  of 
mid-1975 t h a t  were developed dur ing  t h e  ECAS s tudy (Ref. 7 )  and 
t h a t  form t h e  b a s i s  of t h i s  s tudy.  
Appendix D p r e s e n t s ,  f o r  comparison, t h e  ECAS and modif ied 
r e f e r e n c e  p l a n t  des ign  parameters .  
Appendix E p r e s e n t s  t h e  d e t a i l e d  c a p i t a l  c o s t  e s t i m a t e s  f o r  
t h e  ECAS r e f e r e n c e  p l a n t ,  a s  of mid-1975, r e c a s t  i n  t h e  format 
requ i red  f o r  t h i s  s tudy  from t h e  t a b l e s  presented  i n  Appendix C. 
Appendix F concludes t h e  appendix s e c t i o n s  wi th  a l i s t  of 
3.0 CRITERIA AND GUIDELINES 
The criteria and guidelines for carrying out this study were 
specified by NASA. In general, they can be grouped into four 
sutject areas 
1. EPA June 1979 New Source Performance Standards (NSPS) 
2. Site Characteristics 
3. Fuel Characteristics 
4. Detailed Plant Capital Cost Presentation Format 
h discussion of each of these areas is presented in the 
following sections. 
3.1 EPA June 1979 New Source Performance Standards 
Table I lists the applicable solid fuel emission limits 
extracted from the June 1979 New Source Performance Standards 
(NSPS). Those which are specifically relevant to bituminous coal, 
which was specified by NASA to be the fuel for the modified refer- 
ence plant, consistent with the fuel specified in the ECAS (Ref. 4) 
and ETF (Ref. 5) studies, are included. The characteristics of 
the particular coals selected for this study are discussed in 
section 3.3. 
3.2 Site Characteristics 
As in the ECAS study (Refs. 4 and 7) , the site specified for 
this study was near the city of "Middletown, USA." To provide a 
more refined definition, for the purpose of determining the 
escalation factors (see Appendix B) used to update the ECAS study 
costs, the location of Middletown was further restricted to the 
North Central Region of the country. 
The following hypothetical site description, extracted from 
the reference in which it first appeared (Ref. 6) , presents the 
major site characteristics, as modified for this study 
"The site is located on the east bank of the 
North River at a distance of twenty-five miles 
south of Middletown, 250,000 population, the 
n e a r e s t  l a r g e  c i t y .  The North River f lows 
from n o r t h  t o  rou th  and is one-half mile 
(2600 f e e t )  wide a d j a c e n t  t o  t h e  p l a n t  site. 
A f l o o d  p l a i n  extends  from bo th  r i v e r  banks 
an average d i s t a n c e  of 1/2 miler, ending 
w i t h  h i l l t o p s  g e n e r a l l y  150 t o  250 feet 
above t h e  r i v e r  l e v e l .  Beyond t h i s  area, 
t h e  topography is g e n t l y  r o l l i n g ,  wi th  no 
major topographica l  f e a t u r e s .  The p l a n t  
s i te i t s e l f  extends  from r i v e r  level to  
e l e v a t i o n s  of f i f t y  f e e t  above river l e v e l .  
The main turbine-genera tor  b u i l d i n g  and t h e  
swi tchyard  a r e  loca ted  on l e v e l  ground a t  an 
e l e v a t i o n  of e i g h t e e n  f e e t  above t h e  mean 
r i v e r  l e v e l .  This  e l e v a t i o n  is t e n  f e e t  above 
t h e  100-year maximum r i v e r  l e v e l ,  according t o  
t h e  U . S .  Amy Corps of Engineers s t u d i e s  of 
t h e  a rea .  
"Highway access  is provided t o  t h e  s i te  by f i v e  
m i l e s  of secondary road connect ing t o  a s t a t e  
highway. This  road is i n  good c o n d i t i o n  and 
needs no a d d i t i o n a l  improvements. Rai l road 
a c c e s s  is provided by a r a i l r o a d  spur  which 
i n t e r s e c t s  t h e  B & R  Railroad.  The l eng th  of  
t h e  requ i red  spur   fro^ t h e  main l i n e  t o  t h e  
p l a n t  s i te  i s  assumed t o  be f i v e  miles i n  
l eng th .  The North River  is navigable  through- 
o u t  t h e  yea r  wi th  a f o r t y - f o o t  wide channel ,  
12 f e e t  deep. The d i s t a n c e  from t h e  s h o r e l i n e  
t o  t h e  c e n t e r  of t h e  s h i p  channel  is 2000 f e e t .  
A l l  p l a n t  shipments a r e  made over land except  
t h a t  heavy equipment (such a s  t h e  g e n e r a t o r  
s t a t o r )  may be t r a n s p o r t e d  by barge.  The 
Middletown Municipal Ai rpor t  is  loca ted  3 
miles w e s t  of t h e  S t a t e  highway, 15  miles 
sou th  of  Middletown, and 10 m i l e s  no r th  of 
t h e  s i te .  
"The s i t e  is i n  an a r e a  of low popula t ion  den- 
s i t y .  The n e a r e s t  r e s idence  t o  t h e  p l a n t  i s  
on t h e  oppos i t e  bank of t h e  North River ,  
d i r e c t l y  west of  t h e  main b u i l d i n g  l o c a t i o n ,  
2600 f e e t  west of t h e  p l a n t  boundary. 
"There a r e  f i v e  i n d u s t r i a l  manufacturing p l a n t s  
w i t h i n  15 miles of t h e  site. Four a r e  smal l  
p l a n t s  employing less than 100 people each. 
The f i f t h ,  near  t h e  a i r p o r t ,  employs 2500 
people.  Close ly  populated a r e a s  a r e  found only  
on t h e  c e n t e r s  of  t h e  smal l  towns s o  t h e  t o t a l  
land a r e a  used f o r  housing is smal l .  The 
remaining land,  inc luding t h a t  a c r o s s  t h e  r i v e r ,  
is uaed a s  f o r e r t  or c u l t i v a t e 6  c r o p  land, 
e x c e p t  f o r  railroads and highways, 
"Utili t ies for t h e  site a r e  a v a i l a b l e  a8 
f o l l o w s  : 
- The North R ive r  p r o v i d e s  an adequa te  s o u r c e  
of  raw makeup water a t  750F. The a v e r a g e  
a i r  tem e r a t u r e  is: Wet bu lb ,  5 1 . S 0 ~ ;  d r y  g b u l b  59 F. The a v e r a g e  r e l a t i v e  humidi ty  
i s  60%. (These v a l u e s  a l l o w  t h e  t u r b i n e  
backpres su re  t o  be s p e c i f i e d  as 2.3 i n c h e s  
Hg. a b s o l u t e ) .  
- N a t u r a l  g a s  s e r v i c e  is a v a i l a b l e  two m i l e s  
from t h e  s i te boundary on t h e  same side o f  
t h e  r i v e r .  
- Communication l i n e s  a r e  f u r n i s h e d  t o  t h e  
p r o j e c t  bounda r i e s  a t  no c o a t .  
- Power and w a t e r  f o r  c o n s t r u c t i o n  a c t i v i t i e s  
a r e  a v a i l a b l e  a t  t h e  sou thwes t  c o r n e r  of 
t h e  s i t e  boundary. 
- An emergency power s o u r c e  is r e q u i r e d  a t  
t h e  p l a n t ,  s i n c e  t h e  d i s t r i b u t i o n  system 
i n  t h e  a r e a  is a s i n g l e  s o u r c e  t r a n s m i s s i o n ,  
and is s u b j e c t  to  o c c a s i o n a l  ou tages .  
"According to  Weather Bureau records a t  t h e  
Middletown A i r p o r t ,  located t e n  miles n o r t h  
of t h e  site on a low p l a t e a u  j u s t  e a s t  o f  t h e  
North R i v e r ,  p r e v a i l i n g  s u r f a c e  winds a r e  
predominant ly  s o u t h w e s t e r l y  4 - 1 0  k n o t s  
d u r i n g  t h e  warm months o f  t h e  y e a r ,  and 
w e s t e r l y  6 - 1 3  k n o t s  d u r i n g  t h e  cool months. 
There  a r e  no l a r g e  d a i l y  v a r i a t i o n s  i n  wind 
speed o r  d i r e c t i o n .  O b s e r v a t i o n s  o f  wind 
v e l o c i t i e s  a t  a l t i t . u d e  i n d i c a t e  a g r a d u a l  
i n c r e a s e  i n  mean speed and a g r a d u a l  v e e r i n g  
of t h e  p r e v a i l i n g  wind d i r e c t i o n  from south-  
west and west n e a r  t h e  s u r f a c e  t o  w e s t e r l y  
and n o r t h w e s t e r l y  a l o f t .  
"soil p r o f i l e s  f o r  t h e  s i t e  show a l l u v i a l  
s o i l  and rock  f i l l  t o  a d e p t h  o f  e i g h t  f e e t ;  
B r a s s f i e l d  l imes tone  t o  a d e p t h  o f  30 f e e t ;  
b l u e  weathered s h a l e  and f o s s i l i f  e r o u s  
Richmond l imes tone  t o  a dep th  of 50 f e e t ;  
and bedrock o v e r  a d e p t h  of 50 f e e t .  A l l o w -  
a b l e  s o i l  b e a r i n g  is 6000 psf  and rock  bea r ing  
characteristics are 18,000 psf and 15,000 p6f 
for Brassfield and Richmond strata, respectively. 
No underground cavitier exist in the limestone." 
3.3 Fuel Characteristics 
Table I1 lists the properties of the Illinois No. 6 bituminous 
coals selected for the design of the modified reference plant. Two 
coals from nearby sources are specified consistent with usual 
utility practice of providing a guaranteed fuel supply throughout 
the life of the plant. As noted, at the bottom of the table, the 
pximary coal corresponds to that used in the ECAS study (Ref. 7 ) ,  
whereas  he alternate coal corresponds to that used in the ETF study 
(Ref. 5). The mean values listed are the same as those appearing in 
the ECAS and ETF studies. The standard deviations, however, are 
calculated from the characteristics of actually occurring Illinois 
No. 6 coals, as discussed ilr section A1.0. 
It may be noticed that :.he mean ash content listed for the 
primary coal is the same as the design value used on the ECAS study 
(Ref. 7) for specifying the particulate emissions reduction required. 
This does not influence the results of this study, since the alter- 
nate coal in this stuuy has higher mean and design values than those 
for the primary coal and controls the design of the modified plant 
for particulate e~?issions reduction. 
3.4 Detailed Capital Cost Presentation Format 
Table 111 illustrates the format used to present the plant 
capital cost estimate details presented in sa-tion 7.2. NASA 
identifies it as the "DOE Code of Accounts - Fossil (Steam) Plant 
With FGD." It closely resembles the relevant parts of the code of 
accounts employed in the "Engineering Test Facility (ETF) Design 
Report" (Ref. 5 ) ,  prepared for the Department of Energy in June A ' 1 8 ,  
which presents a capital cost estimate for a magnetohydrodynamic power 
generating plant. 
Thc following briefly describes the significance of each of the 
column entries 
TABLE 111. - FORMAT USED FOR THE PRESENTATION OF THE DETAILED 
CAPITAL COST ESTIMATES 
Column 1 lists a reference number for each account or aub- 
division. It i e  of note that the account numbere (310., 
311., 312., 314., 315., 316. and 350.) and their corres- 
ponding titles, listed in Column 3, conform to the numbers 
and titles specified in the uniform systems of Federal 
Energy Regulatory Commission (FERC) electric plant accounts 
(Ref. 8) (formerly called the Federal Power Commission (FPC) 
accounts). These accounts provide a consistent overall 
framework, recognized throughout the utility industry, for 
designating the systems and components in an electric plant 
investment cost estimate or operating financial report. It 
is also of note that the numbers assigned to the account sub- 
divisions (i.e., 311.1, 311.11, 311.3, 311.4, etc.) in this 
study can also be generally traced to the FERC guidelines 
(Ref. 8). However, since the FERC guidelines specifically 
list only the contents of the accounts, and not the number- 
ing or ordering of their subdivisions, the numbering and 
ordering of the subdivisions is discretionary. In this 
study therefore, the subdivisions conform to those listed 
in the "DOE Code of Accounts," with a few minor alterations 
and additions, as requested by NASA. 
Column 2 lists reference identification numbers from the 
ECAS report {Ref. 7) to permit locating the tables on which 
the descriptive and cost data for each account or subdivision 
are based. For the modified plant tables, identification 
number(s1 of components cz systems which are altered with 
respect to those in the ECAS reference plant are followed 
by the letter M. -
Column 3 lists the title of each account or subdivision as 
noted in the discussion of the Column 1 entries. 
Column 4 lists a description or specification of the equip- 
ment, as presented in the ECAS report or as revised for the 
modified plant, for each component or system comprising an 
account or subdivision. 
Column 5 lists the estimated coat of materials for each 
account or subdivision and is broken into two partat Major 
Component and Balance-of-Plant. Major component costa are 
those for major purchased itema which are engineered, 
designed, fabricated, rhipped, and in sane cases, erected 
by one supplier or manufacturer. Balance-of-plant coats 
are those for all components (other than major ones), miscel- 
laneous materials, etc., which are assembled and erected on- 
site. 
Column 6 lists the estimated total direct installation coat 
for the components in each account or subdivision. The ECAS 
reference plant costs, as oi mid-1975, are based on the 
direct field labor manhour (MH) estimates presented in the 
ECAS report (Ref. 71, which are converted to mid-1975 dollars 
employing the relation, given in that report, that 1 labor 
MH = $11.75 (Ref. 7, p. 3 3 ) .  
Ct3lurnn - 7 lists the total indirect construction coat assign- 
able to each account or subdivision. This cost is computed 
to be about 90 percent of the total direct installation cost 
listed in Column 6, as in the ECAS report, and includes such 
items not conveniently charged directly to a single estimating 
account as wage related costs (overtime, late time, lost time 
due to inclement weather, paid holidays, paid absences, sick 
time, etc.); payroll taxes, insurance and bonds$ construction 
equipment and small tools; construction facilities; expendable 
supplies; and field hire nonmanual labor. For the ECAS refer- 
ence plant, this cost amounts to $10.58 per labor MH, as of 
Column 8 lists the contingency allowable provided for each 
accqunt or subdivision to allow far additional equipment that 
might result from a more detailed design of a definitive pro- 
ject at an actual site. Items such as unusual site condition 
a 
and construction problems, minor scope changes, incomplete 
designs and estimate revisions are included. A contingency 
r a t e  of 20 p e r c e n t ,  a s  i n  t h e  ECAS r e p o r t  ( R e f .  7 ) ,  is 
a p p l i e d  to  t h e  sum of t h e  major cotaponenta, balance-of-  
p l a n t ,  i n a t a l l a t i o n  and i n d i r e c t  costa of e a c h  accoun t  
or s u b d i v i s i o n ,  The l o c a t i o n  of a p p l y i n g  t h e  cont ingency  
f a c t o r ,  however, is d i f f e r e n t  between t h e  ECAS and t h e  
p r e s e n t  s t u d y .  I n  t h e  ECAS a c c o u n t i n g  f o r m a t ,  t h e  20 
p e r c e n t  con t ingency  rate was n o t  a p p l i e d  to  each  c o a t  
i t e m ,  b u t  i t  was a p p l i e d  to  t h e  sum o f  t h e  t o t a l  p l a n t  
cost ( e x c l u s i v e  of e s c a l a t i o n  and i n t e r e s t  d u r i n g  con- 
s t r u c t i o n )  i n c l u d i n g  15 p e r c e n t  a r c h i t e c t  and e n g i n e e r i n g  
(A/E) f e e .  I n  t h e  ECAS, t h e r e f o r e ,  t h e  e f f e c t i v e  A/E f e e  
r a t e ,  a f t e r  t h e  20 p e r c e n t  cont ingency  r a t e  was a p p l i e d ,  
was 18  p e r c e n t .  I n  t h e  fo rma t  o f  t h e  p r e s e n t  s t u d y  as 
shown i n  t a b l e  111, t h e  A/E f e e  i s  n o t  a f f e c t e d  by t h e  
20 p e r c e n t  con t ingency  r a t e  on t h e  c o n t r a r y  t o  t h e  ECAS 
format .  T o  m a i n t a i n  c o n s i s t e n c y  between t h e  t o t a l  p l a n t  
costs f o r  t h e  t w o  s t u d i e s ,  an i n c r e a s e d  A/E f e e  r a t e  of 
18 p e r c e n t  was used i n  t h i s  s t u d y ,  
3.5 C a l c u l a t i o n  of  C o s t  of  E l e c t r i c i t y  
The r e l a t i o n s h i p  used f o r  c a l c u l a t i n g  t h e  l e v e l i z e d  cost 
- 
of  e l e c t r i c i t y  (COE) was provided  by NASA, It r e p r e s e n t s  t h e  
p l a n t  l i f e  c y c l e  c o s t s  i n  terms of an e q u i v a l e n t  uniform annua l  
cost o v e r  t h e  l i f e  of  t h e  p l a n t ,  and c o n s i s t s  of t h r e e  terms 
which accoun t  f o r  t h e  a m o r t i z a t i o n  of  t h e  t o t a l  p l a n t  c a p i t a l  
c o s t ,  t h e  l e v e l i z a t i o n  of  t h e  f u e l  costs a ~ d  t h e  l e v e l i z a t i o n  
of  t h e  o p e r a t i o n  and maintenance (ObM) c o s t s .  
The formula  f o r  FbF, expres sed  i n  mills/kWh, was p rov ided  
by NASA a s  f o l l o w s  
= (CAP x FCR/8760 x CF x PI + (FUEL x 341.21~1) x LEV 
+ (O&M) x LEV 
where 
CAP t o t a l  p l a n t  c a p i t a l  c o s t  a t  t h e  end of c o n s t r u c t i o n ,  
d e - e s c a l a t e d  to  mid-1978 
FCR f i x e d  cha rge  rate (= 0.18) 
CF capacity factor (- 0.65) 
P net plant power output at 100 porcent operation (W) 
FUEL fuel price i n  mid-1978 dollars (- $1,05/10~ Btu) 
n overall plant e f f i c i e n c y  (percent) 
LEV levelizing factor for fuel and O&M (= 2.004) 
O6M operation and maintenance cost (mid-1978 millr/kWh) 
The levelizing factor (LEV) is defined as 
LEV * CRF (rtN) /CRF (k,N) 
where 
CRF capital recovery factor 
r interest rate pet vear (- 0.10) 
N plant life (= 30 yr) 
e general escalation rate per year (= 0.065) 
For the purposes of this study, the fuel price escalation 
rate is assumed to be the same as the general escalation rate. 
Hence, no further adjustment is included for any differences 
between these two rates. 
4.0 PLANT DESCRIPTION 
The modified reference plant description is the same as that 
of the ECAS reference plant with one exceptlo-i. On-si te lime pro- 
duction is not included for the reasons aiac~qsed in ~ection A 2 . 0 .  
Limestone is used for wet sulfur dioxide sczubbing directly. Can- 
sequently, all of the equipment and facilitiee associated with the 
operation and maintenance of the calciner in the ECAS reference 
plant are deleted from the modified reference plant. Also, the 
lime slurry sulfur dioxide scrubbers ixluded in the ECAS reference 
plant are daletcd and limestone slurry scrubbers are substituted in 
their place. Bc+ed on a discussion with a scrubber manufacturer, 
the differences occurring in the basic construction of the wet lime- 
stone scrubbers compat,ed to the wet lime scrubbers were not felt to 
be significant to the level of accuracy of this study. The follow- 
inq plant description is, for the most part, adopted from the ECAS 
report (Ref. 7). 
4.1 Cycle 
A simplified cycle schematic is presented in figure 1. It 
shows the major pieces of equipment included in the plent. The coal 
and air are fired using properly designed burners, as diacus?xed in 
section A5.0, to limit generation of NOx. The boiler, s t e m  turbin~., 
condenser, and cooling towers are all proven convectional elements. 
After passing through the electrostatic precipitators that reduce 
its burden of fly ash, the flue gas enters the sulfur dioxide 
scrubber and is quenched to 125O F (325O K) with limestone slurry 
sprays. The sulfur is removed as calcium sulfite and calcium sul- 
fate, which precipitates out in the sludge pond. Water-vapor- 
saturated fluc gas at 125O F (325" K) leaves the scrubber and is 
reheated to the final stack temperature. In this study, two stack 
temperatures were studied: 250° and 175' F (394O and 353' K). The 
mcans of reaching these temperatures is by blending the treated 
fluc gas with a large quantity of air that has been preheated above 
the required temperature with steam extracted from the steam turbine 
cycle, 
- 
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Figure  1. - Simpl i f i ed  Cycle S c h m d t i c  (Based on Fig .  1, 
Ref. 7 ) .  
The stem c y c l e  is  bared on c o n d i t i o n s  f o r  a s u p e r c r i t i c a l  
r e h e a t  u n i t  wi th  sevu.4 feedwater  h e a t e r s .  The l a r g e  e x t r a c t i o n  of 
steam a t  t h e  t u r b i n e  c rossover  p r e s s u r e  f o r  t h e  s t a c k  gas r e h e a t  
approaches t h e  l i m i t  set f o r  convent ional  p r a c t i c e .  The condenser 
back p r e s s u r e  was chosen to  opt imize  t h e  t o t a l  c o a t  of e l e c t r i c i t y  
w i t h  r e s p e c t  t o  t u r b i n e  o u t p u t  and cost, h e a t  r e j e c t i o n  system c o s t ,  
and a u x i l i a r y  power consumptior 
One s t a c k  g a s  r e h e a t  tempera ture  c a s e  was a tud ied  a t  250' F 
(394' K) i n  conformance w i t h  convent ional  steam power p l a n t  
p r a c t i c e .  The i n f l u e n c e  of s t a c k  g a s  tempera ture ,  however, is 
s i g n i f i c a n t  f o r  t h i s  s r w n  p l a n t  c o n f i g u r a t i o n .  S ince  c o r r o s i v e  
component dew p o i n t s  i n  t h e  f l u e  gam were expected to  be no more 
than 125' F (325O K) , a s  a r e s u l t  of t h e  scrubbing p r o c e s s ,  a lower 
r e h e a t  temperature of 175' F (353' K )  was a180 s tud ied .  
F igure  2 p re8en t s  a more d e t a i l e d  schematic  of t h e  250° F 
(39d0 K) s t a c k  temperature case .  S t a t e  p o i n t s  and stream f l o w s  
a r e  shown, where t h e  en tha lpy  v a l u e s  a r e  r e fe renced  t o  32O F (273O K) 

water ,  f o r  steam and water ,  and t o  an  80' F ( 3 0 0 ~  K) z e r o  r e f e r e n c e  
f o r  a i r ,  combustion g a s e s ,  and s o l i d s .  
The steam t u r b i n e  is conta ined i n  f o u r  s h e l l s  connected i n  
tandem t o  a s i n g l e  820 MW genera to r .  The l o w  p r e s s u r e  s t a g e s  have 
p a r a l l e l  flows exhaust ing  downward i n t o  a common condenser.  The 
condenser coo lan t  i s  water  r e c i r c u l a t e d  i n  a closed c i r c u i t  t o  
evapora t ive  coo l ing  towers.  The r e g e n e r a t i v e  feedwater  h e a t i n g  
c y c l e  has f o u r  low-pressure feedwater  h e a t e r s ,  a d e a e r a t i n g  feed- 
water h e a t e r ,  and t w o  high-pressure feedwater  h e a t e r s .  P a r t  of 
t h e  steam exhausted from t h e  high-pressure t u r b i n e  is used f o r  feed-  
water  hea t ing ,  w h i l e  t h e  rest is  r e t u r n e d  t o  t h e  boiler t o  be re- 
heated t o  1 0 0 0 ~  F (811° K ) .  P a r t  of t h e  steam from t h e  r e h e a t  t u r -  
b ine  exhaust  is used f o r  d r i v i n g  t h e  b o i l e r  feedpump. The exhaus t s  
from t h e  t h r e e  d r i v e  t u r b i n e s  a r e  rou ted  t o  t h e  main condenser.  A l l  
o t h e r  pump d r i v e s  a r e  electric motor d r iven .  The b o i l e r  feedpump 
and i t s  d r i v e  are an i n t e g r a l  p a r t  of  t h e  steam c y c l e  and a r e  f u l l y  
accounted f o r  i n  t h e  h e a t  ba lance  f o r  t h e  steam turbine-genera tor .  
The f i n a l  feedwater  temperature is 505O F (536O K) tor 100 per-  
c e n t  opera t ion .  A l l  major components w e r e  s p e c i f i e d  f o r  continuous 
performance c a p a b i l i t y  a t  a flow margin of 5 p e r c e n t  above t h e  
intended p l a n t  o p e r a t i n g  flow. The steam c y c l e  a t  t h e  v a l v e s  wide 
open (VWO) p o i n t  would p a s s  t h e  in tended f low w i t h  margin,  and t h e  
des igna ted  510° F (53g0 K )  f eed  temperature would then  e x i s t .  It 
is important  i n  convent ional  steam systems t h a t  t h e  o p e r a t i o n s  be 
evaluated  a t  t h e  100 pe rcen t  opera t ing  p o i n t  where performance i s  
guaranteed,  and no t  a t  t h e  s p e c i f i c a t i o n  c o n d i t i o n  f o r  des ign  wi th  
margin. 
The c o a l  t o  be f i r e d  is d r i e d  by t h e  primary a i r f l o w  a t  t h e  
e i g h t  b a l l  m i l l  p u l v e r i z e r s .  Between 15 and 20 p e r c e n t  of t h e  t o t a l  
a i r  i s  heated t o  633' F (607' K )  i n  t h e  h o t t e s t  p a r t  of t h e  a i r  pre-  
h e a t e r  a s  primary a i r .  This  a i r  s e r v e s  t o  d ry  t h e  c o a l ,  convey t h e  
pulver ized  c o a l  t o  t h e  burners ,  and r e a c t  i n  t h e  i n i t i a l  combustion 
process .  The  remainder of t h e  a i r  i s  preheated  t o  585O F (580° K )  
and d e l i v e r e d  t o  t h e  burners  a s  secondary a i r .  
The water  c i r c u i t r y  i n  t h e  steam g e n e r a t o r  provides  water 
w a l l s ,  r a d i a n t  energy a b s o r p t i o n  surfaces, convect ion  and r a d i a n t  
s u r f a c e s  f o r  superhea t ing  and r e h e a t i n g  of steam, and an  economizer 
t o  b r i n g  t h e  f l u e  gas  t o  740° F (666O K) as it l e a v e s  t h e  b o i l e r  
and e n t e r s  t h e  a i r  p r e h e a t e r .  Slag is  removed from the  b o i l e r  
furnace  beneath  t h e  !!ring zone, f l y  ash from a hopper j u s t  before 
t h e  a i r  p r e h e a t e r .  These s o l i d s ,  r e p r e s e n t i n g  1 5  and 10 p e r c e n t  
by weight ( 2 5  p e r c e n t  combined) of t h e  t o t a l  a s h ,  r e s p e c t i v e l y ,  
a r e  s l u i c e d  t o  t h e  s ludge  pond. This  l eaves  75 p e r c e n t  ( w t )  of 
t h e  t o t a l  ash ( a s  d u s t )  remaining i n  t h e  flow to  t h e  e l e c t r o s t a t i c  
p r e c i p i t a t o r s .  The e l e c t r o s t a t j  c p r e c i p i t a t o r s ,  wi th  an e f f i c i e n c y  
of 99.7 p e r c e n t ,  remove 99.7 pe rcen t  ( w t )  of t h i s  remaining d u s t  
l eav ing  only  0 .225  pe rcen t  ( w t )  of t h e  t o t a l  a sh  i n  t h e  gas flow 
t o  t h e  w e t  s c rubbers .  The c o l l e c t e d  f l y  ash  i s  s t o r e d  i n  d r y  s i l o s  
f o r  shipment o f f - s i t e .  Induced d r a f t  f a n s  fo l low t h e  e l e c t r o s t a t i c  
p r e c i p i t a t o r s  . 
The w e t  gas sc rubbers  apply a sp ray  of r e c i r c u l a t e d  h o t  water  
t h a t  is  r i c h  i n  l imestone  i n  o r d e r  to  c a p t u r e  s u l f u r  compounds. 
The remaining f l y  ash w i l l  be washed o u t  of t h e  f l u e  gas  a l s o ,  a s  
d i scussed  i n  s e c t i o n  A 4 . 0 .  Following t h e  main r e a c t i v e  sp ray  t h e r e  
i s  a demis t ing  spray  t h a t  r e c i r c u l a t e s  a makeup wa te r  and captured  
d r i f t  mixture .  Carryover of t h e  l imestone  s l u r r y  is avoided us ing  
t h i s  demis t ing  sp ray  i n  a p roper ly  designed m i s t  e l i m i n a t o r .  Acid 
m i s t  c a r ryover  i s  a l s o  minimized us ing  t h e  m i s t  e l i m i n a t o r  a s  d i s -  
cussed i n  s e c t i o n  A 4 . 0 .  
A c o n t i n u a l  removal of s ludge  and a c o n t i n u a l  replenishment  
of l imestone  and water  is  requ i red .  The s ludge  i s  f lushed  t o  t h e  
s ludge  s e t t l i n g  ponds i n  a stream contprising 10 p e r c e n t  undissolved 
s o l i d s .  The r e t u r n  water  from t h e  pond i s  enr iched wi th  l imestone.  
The makeup water  moves i n  a counterf low mode. I t  is f i r s t  
used i n  t h e  m i s t  e l i m i n a t o r  r e c y c l e  wash. The b leedoff  r e p l e n i s h e s  
t h e  SO2 absorber  r e c y c l e  l i q u i d s  and e v e n t u a l l y  becomes p a r t  of  t h e  
s ludge  and water  mixture t h a t  accumulates i n  t h e  s e t t l e d  p o r t i o n  of 
t h e  s ludge  pond. 
The f l u s  g a s  a t  125' F (32s0 K) leave. t h e  w e t  s c r u b b e r  
s a t u r a t e d  w i t h  w a t e r  vapor  and w i t h  many c o n s t i t u e n t s  a t  or n e a r  
t h e i r  dew p o i n t  t empera tu re s .  S i n c e  d i r e c t  i n - l i n e  g a s  h e a t e r s  
cannot  have s u i t a b l e  service lives when h e a t i n g  such  a corrosive 
g a s  mix tu re ,  a s  d i s c u s s e d  i n  s e c t i o n  A3.0, an  i n d i r e c t  method is 
employed. T h i s  is a l a r g e  f low of a i r  t h a t  h a s  been s e p a r a t e l y  
hea t ed  and i n j e c t e d  i n t o  t h e  f l u e  gas .  F i g u r e  2  shows t h a t  14 
Hlb/h (1764 kg, of  a i r  h e a t e d  t o  334O F (441° K) blend  w i t h  0 
Mlb/h (1008 kg/=) of f l u e  g a s  to produce a 250' F (394O K) s t a c k  
t empera tu re .  The s t a c k  a i r  h e a t e r s  u s e  steam withdrawn from t h e  
s team c y c l e  as t h e i r  h e a t i n g  medium. The s t a c k  and f l u e s  a r e  
l i n e d  t o  w i t h s t a n d  a t t a c k  from t h e  f l u e  g a s e s .  
The major components of t h i s  sys tem are  c o n v e n t i n a l  and of 
proven r e l i a b i l i t y  i n  u t i l i t y  s e r v i c e .  The w e t  s c r u b b e r  sys tem 
u t i l i z e s  equipment which r e q u i r e s  maintenance and p r o t e c t i o n  from 
t h e  c o r r o s i v e  e f f e c t s  of l imes tone  and c o o l  f l u e  gas. The sub-  
d i v i s i o n  of t h e  s c r u b b e r  i n t o  s i x  p a r a l l e l  u n i t s ,  and t h e  sub- 
d i v i s i o n  of c r i t i c a l  pumping f u n c t i o n s  i n  t h e  s c r u b b e r  system,  is 
des igned  t o  a s s u r e  t h a t  a t  most one - s ix th  of t h e  c a p a c i t y  would 
be down a t  any t i m e .  
4 . 2  S i t e  P l an  and Gene ra l  Arrangement 
The p l a n t  s i t e  p l a n  is based on r e c e i v i n g  c o a l  and l imest,one 
by r a i l  and s h i p p i n g  f l y  a s h  o f f - s i t e  by r a i l .  A 60 day p i l e  of 
c o a l  and l imes tone  is  provided .  Solos to hold 15  d a y s '  accumula t ion  
of d r y  f l y  a sh  a r e  provided  a d j a c e n t  t o  t h e  r a i l  t e r m i n a l .  A series 
of small ponds c a t c h  run-off  wa te r  from t h e  s i t e  and p r o v i d e  f o r  
t r e a t m e n t  o f  a l l  wa te r  r e t u r n e d  t o  t h e  North Rive r .  
F i g u r e s  3 and 4 show t h e  s i t e  plan and g e n e r a l  arrangement .  
The s m a l l e r  o v e r a l l  l a y o u t  a t  the bottom of f i g u r e  3 i n d i c a t e s  t h e  
dominant size of one 3600- by 3600-foot (1097- by 1097-m) s ludge  
pond. The upper d e t a i l  of f i g u r e  3 shows t h a t  a t  t h e  a c t i v e  s i t e  
about  half the a r e a  w i l l  b e  used for c o a l  s t o r a g e  and c o o l i n g  tower s .  
The boiler house a b u t s  t h e  t u r b i n e  b u i l d i n g .  The e l e c t r o s t a t i c  pre- 
c i p i t a t o r s  a r e  of s u b s t a n t i a l  s i z e  i n  o r d e r  t o  a c h i e v e  99.7 p e r c e n t  
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F igure 4 .  - Site Plan and General Arrangement (Concluded) 
(Based on F i g .  1 0 ,  Ref. 7 ) .  
p a r t i c u l a t e  removal. A ~ i n g l e  s t a c k  serves t h e  e n t i r e  p l a n t .  The 
2 
e s t i m a t e d  l and  a r e a  f o r  the p l a n t  is 92 a c r e s  (372,311 m ) .  The 
2 
s l u d g e  ponds r e q u i r e  an  a d d i t i o n a l  1785 acres (7,223,640 m ) i n  
close p rox imi ty  t o  t h e  main p l a n t .  
The coal f e e d  sys t em p r o v i d e s  t r a n s p o r t a t i o n  by b e l t  conveyor  
from t h e  l i n e  s t o r a g e  p i l e  t o  the  t r a n s i e r  tower. Tramp i r o n  is  
removed and l a r g e  s i z e  frozen c o a l  is crushed  t o  small size. Next, 
t h e  c o a l  i s  conveyed to  t h e  surge b i n  i n  t h e  b o i l e r  house,  where 
v i b r a t i n g  f e e d e r s  and t w o  conveyor b e l t s  f e e d  e i g h t  coal s i lo s  d i s -  
posed on o p p o s i t e  s i d e s  of t h e  b u i l d i n g .  The t i l led  s i los  g u a r a n t e e  
e i g h t  hour s  of  b o i l e r  o u t p u t .  Each s i l o  f e e d s  a s i n g l e  c o a l  pu l -  
v e r i z e r  by a g r a v i m e t r i c  f eed .  Coal d r y i n g  and conveyance t o  t h e  
b u r n e r s  is by h o t  p r imary  a i r .  For s t a r t u p  and warmup an  o i l  sys tem 
3 f i r i n g  no. 2 f u e l  o i l  i s  p rov ided ,  a l o n g  w i t h  100.000 g a l l o n s  (379 m ) 
of f u e l  s t o r a g e  i n  t w o  t a n k s .  
The p l a n t  g e n e r a l  arrangement  i s  p r e s e n t e d  i n  f i g u r e  4. The 
e i g h t  s i l o s  on e i t h e r  s i d e  of t h e  b o i l e r  each  ho ld  an 8-hour c o a l  
supply  and f e e d  t o  one p u l v e r i z e r .  The a i r  p r e h e a t e r s  are s i g n i f i c a n t  
f e a t u r e s  of t h e  l e f t  s i d e  of t h e  lower f i g u r e .  The ground l e v e l  o f  
t h e  t u r b i n e  h a l l  on t h e  r i g h t  s i d e  of  t h e  lower f i g u r e  i n d i c a t e s  t h e  
arrangement  of t h e  many s u p p o r t  : u n c t i o n s  f o r  t h e  s team t u r b i n e  c y c l e .  
The g e n e r a l  arrangement  e l e v a t i o n  view shown i n  f i g u r e  5 shows 
t h e  b o i l e r  d e t a i l s  and o r i e n t a t i o n  r e l a t i v e  t o  t h e  t u r b i n e  h a l l  and 
t h e  f l u e  g a s  e x h a u s t  system.  The arrangement  p r o v i d e s  f o r  s h o r t  
steam l i n e s  and l i b e r a l  a c c e s s  s p a c e  f o r  a l l  a p p a r a t u s .  A t  t h e  
ex t reme l e f t ,  t h e  f l u e  g a s  e x i t s  to  t h ~  e 1 . e c t r o s t a t i c  p r e c i p i t a t o r s  
and s u l f u r  d i o x i d e  s c r u b b e r s .  
The f o u r  e l e c t r o s t a t i c  p r e c i p i t a t o r s  a r e  s i z e d  t o  p r o v i d e  t h e  
low g a s  v e l o c i t i e s  e s s e n t i a l  t o  t h e  c a p t u r e  o f  99.7 p e r c e n t  of t h e  
f l u e  g a s  f l y  a s h .  Each u n i t  i s  nomina l ly  54 f e e t  (16.5 m i  h i g h ,  9 3  
f e e t  (28.4 m) wide, and 44 f e e t  (13.4 m )  deep.  The e n t r y  and e x i t s  
a r e  d i v i d e d  i n  two t o  r e t a i n  normal f l u e  connec t ions .  Each u n i t  is 
s e r v i c e s  by one  induced d r a f t  f a n  working i n  t h e  c l eaned  gas l e a v i n g  


the unit. The six wet gas scrubbers and reheaters then deliver 
the flue qas to a single 500-foot (152-m) stack. 
4.3 Electrical One-Line Diagram 
Figure 6 shews the plant electrical one-line diagram. The 
statnon service requirements at 3.8 KV m3y be seen to be supplied 
by two separate buses for increased reliability. An emergency 
diesel generator is also included to provide black-start capability 
should the plant be required to start up at a time when power from 
the external power network is unavailable. 
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Figure 6. - Electrical One-Line Diagram (Based on Fig. 12. 
R e f .  7). 
5.0 MAJOR PLANT COMPONENTS AND CHARACTERISTICS 
T h i s  s e c t i o n  b r i e f l y  r e v i e w s  t h e  s a l i e n t  c h a r a c t e r i s t ! t s  o f  
t h e  ma jo r  p l a n t  components as o r i g i n a l l y  p r e s e n t e d  i n  t h e  ECAS 
s t u d y  (Ref. 7 )  and adop ted ,  w i t h  n e c e s s a r y  changes ,  f o r  u s e  i n  
t h e  m o d i f i e d  p l a n t .  F u r t h e r  d e t a i l s ,  n o t  p r e s e n t e d  i n  t h i s  sec- 
t i o n ,  may b e  found by r e f e r e n c e  t o  t h e  ECAS s t u d y  (Ref. 7 ) .  
5.1 Steam Turb ine-Genera tor  
A h e a t  b a l a n c e  f o r  t h e  steam c y c l e  is p r e s e n t e d  i n  f i g u r e  7. 
I t  is  i d e n t i c a l  t o  t h a t  f o r  t h e  ECAS r e f e r e n c e  p l a n t .  O p e r a t i o n  
a t  t h e  100 p e r c e n t  r a t e d  power c o n d i t i o n s  o f  820 MW is  shown f o r  
t h e  250° F (394O K) r e h e a t  t e m p e r a t u r e  case. The 175O F (353' K) 
r e h e a t  case r e q u i r e s  m o d i f i c a t i o n  t o  accoun t  f o r  t h e  smal l  e x t r a c -  
t i o n s  needed.  The r a t i n g  a t  t h e  v a l v e s  wide open (VWO) p o i n t  is 
860 MW. The s even  f e e d w a t e r  h e a t e r s  and t h e  t h r o t t l e  and r e h e a t  
c o n d i t i o n s  a r e  t y p i c a l  o f  s u p e r c r i t i c a l  r e h e a t  u n i t s .  The u n u s u a l  
f e a t u r e  is t h e  926,000 l b / h  (117 kg / s )  o f  e x t r a c t i o n  steam used  
f o r  t h e  s t a c k  g a s  h e a t i n g  service. The e f f e c t  of  t h e  e x t r a c t i o n  
on t h e  steam t u r b i n e  c y c l e  i s  a s  i f  a s e p a r a t e  condense r  were 
2 l o c a t e d  a t  t h e  134 p s i  (923,897 N/m ) l e v e l .  The r e d u c t i o n  of  
s team f low  t o  t h e  low p r e s s u r e  s t a g e s  r e d u c e s  g e n e r a t o r  o u t p u t  
and also t h e  condense r  and coo l ing- tower  h e a t  r e j e c t i o n  l oad .  
The steam t u r b i n e  compr i s e s  f o u r  s h e l l s .  The h i g h - p r e s s u r e  
t u r b i n e ,  t h e  r e h e a t  t u r b i n e ,  and t w o  double-f low low-pressure  con- 
d e n s i n g  t u r b i n e s  a r e  a r r a n g e d  i n  tandem w i t h  t h e  s i n g l e  g e n e r a t o r .  
The l a s t - s t a g e  t u r b i n e  b u c k e t s  a r e  33.5 i n c h e s  (851  mm) long .  These  
a r e  t h e  l a r g e s t  b u c k e t s  a p p l i e d  t o  3600 rpm t u r b i n e s  f o r  f o s s i l -  
f i r e d  s e r v i c e .  The u n i t  is s p e c i f i e d  as "TC4F33.5," i n d i c a t i n g  
tandem compound, f o u r  e x h a u s t  f l o w s ,  w i t h  33.5-inch (851-m) l a s t -  
s t a q e  b u c k e t s .  
The h e a t  t o  the .  steam c y c l e  a t  100 p e r c e n t  o p e r a t i n g  c o n d i t i o n s  
is 6867.5 MBtu/hlr (2 .01  GJ/s). The h e a t  i n p u t  would b e  8375.54 
Btu/kWh (8.84 kJ/kWh) f o r  g e n e r a t o r  o u t p u t .  
5.0 MAJOR PLANT COMPONENTS AND CHARACTERISTICS 
T h i s  s e c t i o n  b r i e f l y  r e v i e w s  t h e  s a l i e n t  c h a r a c t e r i s t ' c s  o f  
t h e  m a j o r  p l a n t  componen t s  a s  o r i g i n a l l y  p r e s e n t e d  i n  t h e  ECAS 
s t u d y  ( R e f .  7 )  a n d  a d o p t e d ,  w i t h  n e c e s s a r y  c h a n g e s ,  f o r  u s e  i n  
t h e  m o d i f i e d  p l a n t .  F u r t h e r  d e t a i l s ,  n o t  p r e s e n t e d  i n  t h i s  sec- 
t i o n ,  may be f o u n d  by r e f e r e n c e  t o  t h e  ECAS s t u d y  ( R e f .  7 ) .  
5 . 1  S t eam T u r b i n e - G e n e r a t o r  
A h e a t  b a l a n c e  f o r  t h e  steam c y c l e  i s  p r e s e n t e d  i n  f i g u r e  7 .  
I t  is i d e n t i c a l  t o  t h a t  f o r  t h e  ECAS r e f e r e n c e  p l a n t .  O p e r a t i o n  
a t  t h e  1 0 0  p e r c e n t  r a t e d  power  c o n d i t i o n s  o f  820 MW is  shown f o r  
t h e  250° F (394O K )  r e h e a t  t e m p e r a t u r e  c a s e .  The  175O F (353O K) 
r e h e a t  c a s e  r e q u i r e s  m o d i f i c a t i o n  t o  a c c o u n t  f o r  t h e  small  e x t r a c -  
t i o n s  n e e d e d .  The  r a t i n g  a t  t h e  v a l v e s  w i d e  o p e n  (VWO) p o i n t  is 
060 MW. The  s e v e n  f e e d w a t e r  h e a t e r s  a n d  t h e  t h r o t t l e  a n d  r e h e a t  
c o n d i t i o n s  a r c  t y p i c a l  o f  s u p e r c r i t i c a l  r e h e a t  u n i t s .  The  u n u s u a l  
f e a t u r e  is  t h e  9 2 6 , 0 0 0  l b / h  (117  k g / s )  o f  e x t r a c t i o n  s t e a m  u s e d  
f o r  t h e  s t a c k  q a s  h e a t i n g  s e r v i c e .  The  e f f e c t  o f  t h e  e x t r a c t i o n  
o n  t h e  s t e a m  t u r b i n e  c y c l e  is a s  i f  a  s e p a r a t e  c o n d e n s e r  were 
2 l o c a t e d  a t  t h e  134  p s i  ( 9 2 3 , 8 9 7  N/m ) l e v e l .  The  r e d u c t i o n  o f  
s t e a m  f l o w  t o  t h e  low p r e s s u r e  s t a g e s  r e d u c e s  g e n e r a t o r  o u t p u t  
and  a l so  t h e  c o n d e n s e r  a n d  c o o l i n g - t o w e r  h e a t  r e j e c t i o n  l o a d .  
The s t e a m  t u r b i n e  c o m p r i s e s  f o u r  s h e l l s .  The  h i g h - p r e s s u r e  
t u r b i n e ,  t h e  r e h e a t  t u r b i n e ,  a n d  two d o u b l e - f l o w  l o w - p r e s s u r e  con -  
d c n s l n g  t u r b i n e s  a r c  a r r a n g e d  i n  tandem w i t h  t h e  s i n g l e  g e n e r a t o r .  
''hc l a s t - s t a g e  t u r b i n e  b u c k e t s  are 3 3 . 5  i n c h e s  ( e 5 1  mm) l o n g .  T h e s e  
a r c  t h e  l a r g e s t  b u c k e t s  a p p l i e d  t o  3600 rpm t u r b i n e s  f o r  f o s s i l -  
f i r e d  s e r v i c e .  The  u n i t  is  s p e c i f i e d  a s  "TC4F33.5,"  i n d i c a t i n g  
tarldcm compound, f o u r  e x h a u s t  f l o w s ,  w i t h  3 3 . 5 - i n c h  (851-m) l a s t -  
s t a q e  b u c k e t s .  
The  h e a t  t o  t h e  s t e a m  c y c l e  a t  100  p e r c e n t  o p e r a t i n g  c o n d i t i o n s  
is 6 8 6 7 . 5  MBtujh:- ( 2 . 0 1  G J / s ) .  The h e a t  i n p u t  would  b e  8375.54  
Ftu'kWh (8 .84  kJ/kWh) f o r  gcncv-a to r  o u t p u t .  

5.2 Steam Generator 
A general layout of the conventional supercritical once-through 
steam generator included in the plant is shown in figure 5. It is 
the same as that of the ECAS reference plant. Eight ball mill coal 
pulverizers are located at the base elevation. Low emission burners 
are arrayed about the radiant furnace section. The C O ~ D U S ~ ~ O ~  gas 
flows upward over superheater sections, downward in parallel paths 
through the reheater and the primary superheater, and exits from the 
economi zer. 
In contrast to the ECAS reference plant deeign, a low-NO fur- 
X 
nace configuration, such as that recently developed by one boiler 
manufacturer, is substituted for the "staged combustion" technique, 
The low-NOx configuration includes a specially designed furnace 
chamber with directional low-emission burners to provide a diffuse, 
extended flame and uniform mixing throughout the combustion zone. 
This prevents the formation of high temperature regions where excess 
NO can be produced. It also permits stoichiometric firing. Since 
X 
combustion stoichiometry was not addressed in the ECAS study (Ref. 7 ) ,  
it is assumed within the accuracy of this study, that the staged 
combustion technique referred to in the ECAS study permitted opera- 
tion close enough to a stoichiometric mixture that any differences 
in air flow with that for stoichiometric firing could be neglected. 
The costs of the steam generator for the ECAS and modified plants 
were therefore estimated to be the same. Control of nitrogen oxides 
is discussed further in section A 5 . 0 .  
5.3 Particulate Scrubber 
The electrostatic precipitator is located downstream of the 
boiler air preheater as indicated in figures 2 and 3. It is of 
convcntional design incorporatinq features that are characteristic 
of American units. For example, the plant includes weighted wires, 
maximum power density to minimize collection plate area, and ire- 
quency and intensity adjustable air driven rappers and vibrators. 
5.4 S u l f u r  Dioxide Scrubber  
A r c h e m r t i c  diagram of t h e  w e t  l imea tone  s u l f u r  d i o x i d e  
s c r u b b e r  r y r t e m  i r  shown i n  f i g u r e  8. Tho diagraw 1a t he  rme 
f o r  bo th  t h e  250° and 17s0 F (39d0 and 353' K) s t a c k  g a r  r e h e a t  
t empera tu re  c a s e s .  The r u l t u r  removal e f f i c i e n c y  is 90 p e r c e n t  
t o  meet t h e  EPA June  1979 NSPS a s  d i 8 c u r r s d  i n  r e c t i o n  3.1. A 
60-day supply  of  limesstone is s t o r e d  o n - r i t e  to p r o v i d e  con t inu -  
i t y  i n  c a r e  o f  any loss of  rupply .  
The r i g h t  h a l f  o f  f i g u r e  8 i l l u s t r a t e s  t h e  p o r t i o n  of  t h e  
s c rubb ing  sys tem t h a t  c a u s e s  t h e  l imes tone  to  r e a c t  w i t h  t h e  f l u e  
g a s  s u l f u r  t o  form t h e  s o l i d s  t h ~ t  accumula te  i n  t h e  s l u d g e  ponds. 
Limestone is mixed w i t h  pond r e c y c l e  w c t e r  and t r a n s f e r r e d  to  a 
16-hour s l u r r y  s t o r a g e  t ank .  The l imes tone  n l u r r y  and pond r e c y c l e  
wa te r  a r e  d i scha rged  t o  t h e  SO2 a b s o r b e r  e f f l u e n t  h o l d i n g  t a n k s  
where they  a r e  r e c y c l e d  t o  t h e  SO2 abso rbe r .  
The t h r e e - s t a g e  SO2 ahaorbc r  o p e r a t e s  on f l u e  gaa  t h a t  h a s  
been quenched from 300° F (422O K) and s a t u r a t e d  w i t h  water vapor  
a t  12s0 F (325O K) by p r e s a t u r a t i o n  s p r a y 8  a t  each  a b s o r b e r  u n i t  
g a s  i n l e t .  The flue g a s  f lows  upward through t h e  t h r e e  a b s o r b e r  
s t a g e s .  The l i qu id - to -gas  rat ic  m a i n t a i n s  110 t o  120 p e r c e n t  of 
t h e  ca l c ium- to - su l fu r  s t o i c h i m e t r i c  r a t i o .  The e f f l u e n t  w e t  g a s  
is f u r t h e r  washed i i t  t h e  m i s t  e l i m i n a t o r  ap rays .  These s p r a y s  
r e c e i v e  a l l  o f  t h e  Fresh water in t ended  f o r  makeup i n  t h e  s c r u b b e r  
system. T h i s  f i n a l  wasb c a p t u r e s  l a r g e  d r o p l e t s  of d r i f t  or re- 
c y c l e  wash l i q u i d s  and is des igned  to  minimize a c i d  m i s t  c a r ryove r .  
The f l u e  gas e x i t i n g  t h e  SO2 s c r u b b e r  a t  125' F (325' K) and 
s a t u r a t e d  w i t h  w a t e r  vapor ' -  h i g h l y  c o r r o s i v e  and chemica l ly  
a c t i v e  a s  no ted  i n  s e c t i o n  4.0. Normal h e a t  exchangers  t h a t  would 
r e h e a t  t h e  f l u e  qaa t o  a s t a c k  t empera tu re  t h a t  would p r o v i d e  ade- 
q u a t e  buoyancy of t h e  s t a c k  g a s  plume would n o t  w i t h s t a n d  t h e  
chemical  a t t a c k  of  t h e  f l u e  g a r  a s  d i s c u s s e d  i n  r e c t i o n  A3.0. The 
neces sa ry  stack t empera tu re ,  t h e r e f o r e ,  i n  ach ieved  by s t e m - h e a t i n g  
a i r  i n  a s e p a r a t e  n e a t e r  $end b lend ing  t h e  hea t ed  a i r  w i t h  t h e  f l u e  

g a s .  S i x  low head f a n s  and s i x  h e a t e r s  are p rov ided  f o r  t h i s  
purpose.  Two a l t e r n a t i v e s  o f  s t a c k  t empera tu re  were examined 
as p r e v i o u s l y  no ted :  250° F (394O K )  and 175O F (353O K ) .  
T l b l e  I V  l ists t h e  pa rame te r s  of t h e  b l end  a i r  and i ts h e a t  
r equ i r emen t s  f o r  t h e s e  a l t e r n a t i v e s  a t  t h e i r  100 p e r c e n t  oper -  
a t i n g  p o i n t .  The b l e n d i n g  method o f  g a s  h e a t i n g  makes t h e  p l a n t  
i n c r e a s i n g l y  i n e f f i c i e n t  as t h e  s t a c k  t empera tu re  is  i n c r e a s e d  
toward t h e  a v a i l a b l e  a i r  t empera tu re  of 333O F (440' K )  , because  
o f  t h e  i r ; r e a s e  i n  t h e  s team e x t r a c t i o n  rate f o r  t h e  a d d i t i o n a l  
a i r  h e a t i  J a ~ s o c i a t e d  w i t h  t h e  h i g h e r  s t a c k  g a s  r e h e a t .  
TABLE I V .  - A I R  HEATER PARAMETERS 
FOR STACK GAS REHEAT SYSTEM 
(Ref.  7 ,  Tab le  4) 
The s l u d g e  ponds a r e  t h e  remain ing  e l emen t  o f  t h e  w e t  s c r u b b e r  
system. Each pond measures  3600 f e e t  (1097 m) by 3600 f e e t  (1097 m )  
by 2 2  f e e t  (6 .7  m )  deep .  S i x  ponds would be expec ted  t o  accommodate 
30 y e a r s  of p l a n t  o p e r a t i o n s .  The accumula t ion  r a t e  of  s o l i d s  would 
equa l  t h e  s o l i d s  d e l i v e r y  r a t e  of 150,000 lb /h  (18.9 k g / s )  of ca l c ium 
s u l f i t e  and e x c e s s  u n r e a c t e d  limestone. 
Parameter 
Heat Duty ( l o 6  Btu /hr )  
Steam ( O  F) In/Out 
h i r  ( O  F) In/Out 
k i r  V e l o c i t y  ( f t / m i n )  i r  Flow ( l o 6  l b / h r )  r e s s u r e  Drop ( i n .  w a t e r )  Heat T r a n s f e r  Rate  I 
( B t u / ( h r )  ( s q  f t )  ( O  F )  ) 5.5 10.4 
Finned S u r f a c e  (sq f t )  645,000 86,500 
- 
0 S t a c k  Gas Reheat Tempera ture ,  F ( O  K )  
250 (394) 
9 71 
620 /356 
59 /333 
900 
14.6 
1 . 5  
175  (353) 
217 
620 /356 
59 /333 
900 
3.3 I 
1 . 0  i 
I 
5.5 Component Comparison: ECAS Re fe r ence  P l a n t  Ve r sus  Modif ied 
Re fe r ence  P l a n t  
Tab l e  V p r e s e n t s  a comparison between t h e  components of  t h e  
ECAS and mod i f i ed  r e f e r e n c e  p l a n t s .  Both t h e  250' and 175' F 
(394O and 353' K) s t a c k  g a s  r e h e a t  t e m p e r a t u r e  cases are inc luded .  
The t a b l e  lists the d e s i g n  f e a t u r e s ,  manhour i n s t a l l a t i o n  times 
and ba l ance -o f -p l an t  costs o f  a l l  t h o s e  items which d i f f e r  from 
any one  case t o  a n o t h e r .  Each i t e m  is i d e n t i f i e d  w i t h  t h e  FERC 
Account S u b d i v i s i o n  Number (as d i s c u s s e d  i n  s e c t i o n  ' . 4 )  i n  which 
it a p p e a r s  i n  t h e  d e t a i l e d  c a p i t a l  c o s t  estimates o f  s e c t i o n  7 .2  
and t h e  ECAS r e p o r t  numbers (Ref .  7 )  which are used a s  d e s i g n a t i o n s  
i n  ECAS t a b l e s  1 5 ,  1 6 ,  27 and 28  (see Note 1 t o  t h e  t a b l e ) .  
A l l  t h e  component costs listec? are i n  mid-1978 d o l l a r s .  The 
c o s t s  f o r  t h e  ECAS r e f e r e n c e  p l a n t  have been  upda t ed  from t h e i r  
mid-1975 v a l u e s ,  as r e p o r t e d  i n  t h e  ECAS s t u d y  (Ref .  7 )  and i n c l u d e d  
i n  t a b l e s  X X X I I  and X X X I I I ,  t o  mid-1978, as d i s c u s s e d  i n  s e c t i o n  7.0. 
The t a b l e  s i~ows  t h a t  t h e r e  a r e  a number o f  items which have 
d e s i g n / c o s t  d i f f e r e n c e s  between t h e  250° and 175' F (394O and 353O K) 
s t a c k  g a s  r e h e a t  t e m p e r a t u r e  c a s e s .  These  d e s i g n / c o s t  d i f f e r e n c e s  
r e f l e c t ,  from t h e  p o i n t  of  view of t h e  175O F (35 j0  K) r e h e a t  c a s e .  
t h e  d e c r e a s e d  q u a n t i t y  of  s team d i v e r t e d  from t h e  main t u r b i n e  f o r  
r e h e a t  and consequent  i n c r e a s e d  q u a n t i t y  o f  steam r e a c h i n g  t h e  main 
condense r  and c o n d e n s a t e  r e a c h i n g  t h e  f eedwa te r  h e a t e r s .  The t a b l e  
a l s o  shows t h a t  t h e r e  are o n l y  t h r e e  items which have  d e s i g n / c o s t  
d i f f e r e n c e s  between t h e  ECAS and mod i f i ed  p l a n t s .  The electro- 
s t a t i c  p r e c i p i t a t o r  and b reech ing  (FERC Account S u b d i v i s i o n  N o .  
312.71) , s u l f u r  d i o x i d e  s c r u b b e r  (FERC Account S u b d i v i s i o n  No. 
312.81) and l i m e  manufac tu r ing  sys tem (on-site l i m e  p r o d u c t i o n ;  
FERC Account S u b d i v i s i o n  No. 312.83) .  The p r e c i p i t a t o r s  are i n -  
c r e a s e d  i n  p a r t i c u l a t e  removal e f f i c i e n c y  from 99 t o  99.7 p e r c e n t ,  
t h e  w e t  s u l f u r  d i o x i d e  s c r u b b e r  is  changed from l i m e  t o  l i m e s t o n e  
u t i l i z a t i o n  a t  90 p e r c e n t  s u l f u r  d i o x i d e  removal e f f i c i e n c y ,  and 
t h e  lime manufac tu r ing  sys tem i s  d e l e t e d  e n t i r e l y  due t o  poor  
economics,  a s  d i s c u s s e d  i n  s e c t i o n  A2.0. 
TABLE V. - COMPARISON OF THE COMPONENTS AND ASSOCIATED MANHOUR (MH) INSTALLATION 
AND BALANCE OF PLANT (BOP) COSTS BETWEEN THE ECAS AND MODIFIED REFERENCE PLANTS 
(Mid-1978 Dollars) 
-- 
*See page 45 for explanation of footnotes. 
-- 
1 
-- - 
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NOTES TO TABLE V 
(1) I d e n t i f i c a t i o n  numbers i n  t h i s  co.lumn c o n s i s t i n g  of letters and 
numerals r e f e r  t o  t a b l e s  15 and 27 of t h e  ECAS r e p o r t  (Ref. 7 ) ,  
reproduced i n  Appendix C,  pages 178 t o  180 ( t a b l e  15)  and 188 t o  
191 ( t a b l e  27) ,  f o r  r e fe rence .  I d e n t i f i c a t i o n  numbers i n  t h i s  
column c o n s i s t i n g  of numerals only  refer to  t a b l e s  16 and 28 of  
t h e  ECAS r e p o r t ,  reproduced i n  App.endix C ,  pages 181  t o  187 
( t a b l e  16)  and 192 to  198 ( t a b l e  28) ,  f o r  r e f e r e n c e .  References 
t o  ECAS r e p o r t  t a b l e s  a r e  a s  i n d i c a t e d .  
(2)  A l l  t h e  c o s t s  of t h e  equipment and balance-of-plant  m a t e r i a l s  
l i s t e d  a r e  a s  of mid-1978. Those l i s t e d  i n  t h e  ECAS Reference 
P l a n t  columns a r e  e s c a l a t e d  from t h e  mid-1975 v a l u e s  l i s t e d  i n  
t a b l e s  X X X I I  and X X X I I I ,  a s  d i s c u s s e d  i n  s e c t i o n  7.0. (See a l s o  
t a b l e s  X t o  X I I I ) .  
(3)  Only t h o s e  feedwater  h e a t e r s  which have des ign  changes a r e  l i s t e d .  
The manhour (MH) and balance-of-p lant  (BOP) costs, however, a r e  
f o r  a l l  t h e  h e a t e r s .  
( 4 )  Only t h o s e  i t e m s  which change a r e  l i s t e d .  
( 5 )  This  va lue  i s  l i s t e d  i n  t h e  ECAS r e p o r t  (Ref. 7 ,  t a b l e  27, Item 
F - 8 )  and appears  t o  be  low. A v a l u e  c l o s e r  t o  282,000 gpm would 
be more c o n s i s t e n t  w i t h  t h e  a d d i t i o n  of t h e  t h r e e  coo l ing  tower 
cells an& t h e  i n c r e a s e  of t h e  c i r c u l a t i n g  water  p i p e  d iameter  
from 1 1 4  i n .  to  123 i n .  i n d i c a t e d  for t h e  175' F (353O K) s t a c k  
gas  r e h e a t  case .  
Based on d i s c u s s i o n  w i t h  a n  e m i s s i o n s  c o n t r o l  e q u i p m e n t  manu- 
f a c t u r e r ,  t h e  e s t i m a t e d  c o s t  of e a c h  o f  t h e  f o u r  electrostatic 
p r e c i p i t a t o r  u n i t s  w i t h  t h e  i n c r e a s e d  e f f i c i e n c y  r e q u i r e d  f o r  the 
m o d i f i e d  p l a n t  is  $2,500,000 compared t o  $1,906,500 f o r  t h e  ECAS 
p l a n t .  The same p r e c i p i t a t o r s  and  c o s t s  are  i n c l u d e d  f o r  b o t h  
t h e  250° and  175O F (394O and 353' K )  r e h e a t  cases, as shown, 
s i n c e  a p p r o x i m a t e l y  t h e  same q u a n t i t y  o f  t h e  f l u e  g a s  is e x p e c t e d  
t o  be p r o c e s s e d  i n  e a c h  c a s e .  The d i r e c t  l a b o r  manhours and  
b a l a n c e - o f - p l a n t  m a t e r i a l s  cost a s s o c i a t e d  w i t h  t h e  p r e c i p i t a t o r  
i n s t a l l a t i o n s  tire a l s o  e s t i m a t e d  to  b e  t h e  same f o r  t h e  two r e h e a t  
t e m p e r a t u r e s  and f o r  b o t h  t h e  ECAS and  m o d i f i e d  p l a n t s .  
The e s t i m a t e d  c o s t  of  e a c h  of t h e  s i x  w e t  l i m e s t o n e  SO 2 
s c r u b b e r  u n i t s  i n  t h e  m o d i f i e d  p l a n t  i s  $1 ,500 ,000  compared to  
$1,240,000 f o r  t h e  w e t  l i m e  SO2 s c r u b b e r s  i n  t h e  ECAS p l a n t .  The 
i n c r e a s e d  c o s t  o f  t h e  u n i t s  i n  t h e  m o d i f i e d  p l a n t  r e s u l t s  f rom 
t h e  i n c r e a s e d  s i z e  and number o f  i n t e r n a l s  n e c e s s a r y  t o  p e r m i t  
t h e  g r e a t e r  q u a n t i t i e s  o f  l i m e s t o n e  s l u r r y  t o  be s p r a y e d  i n t o  t h e  
f l u e  g a s  f l o w  t o  a c h i e v e  t h e  r e q u i r e d  90 p e r c e n t  SO2 remova l .  The 
same size u n i t s  a r e  p r o v i d e d  f o r  b o t h  t h e  250° and  17s0 F (394' and  
353O K) r e h e a t  c a s e s .  
The S O  s c r u b b e r  s y s t e m  pumps, t a n k s ,  l a r g e  p i p i n g ,  and founda-  2 
t i o n s  and  s t r u c t u r e s  are a lso  e s t i m a t e d  t o  cost more f o r  t h e  modi- 
f i e d  p l a n t  t h a n  f o r  t h e  ECAS p l a n t  r c ? f l e c t i n g  t h e  g r e a t e r  q u a n t i t i e s  
o f  l i m e s t o n e  and l i m e s t o n e  s l u r r y  r e q u i r e . 1  t o  be h a n d l e d .  Respec- 
t i v e l y ,  t h e s e  b a l a n c e - o f - p l a n t  c o s t s  are e s t i m a t e d  t o  be: $1,812,000 
comparcd t o  $1 ,339 ,200  f o r  t h e  pumps, $3 ,360 ,000  compared t o  
$2 ,703 ,200  for t h e  t a n k s ,  $4 ,213,200 compared t o  $3,261,200 f o r  t h e  
l a r q e  p i p i n g  ( f o r  t h e  250' F (394O K) r e h e a t  c a s e ) ,  and  $4,800,000 
comparcd t o  $4,538,400 f o r  t h e  f o u n d a t i o n s  and s t r u c t u r e s .  A de-  
c r e a s e  i n  t h e  c o s t  o f  t h e  l a r g e  p i p i n g  be tween  t h e  250° and 175O F 
(394O and 353O K) r e h e a t  c a s e s  f o r  b o t h  t h e  ECAS and  m o d i f i e d  p l a n t s  
r e f lec t s  t h e  r e d u c e d  r e h e a t  a i r  h e a t e r  steam s u p p l y  and  c o n d e n s a t e  
r e t u r n  p i p i n g  s i z e s  r e q u i r e d  f o r  r e h e a t  to  175O F (353O B:). The 
dccrcasc  i s  s e e n  t o  b e  $3 ,261 ,200  t o  $2,938,200 f o r  t h e  E:CAS p l a n t  
and $4,213,200 to $3,920,000 for the modified plant. The cost of 
the scrubber ductwork is estimated to be about the same for both 
the modified and ECAS plants, since (as already noted) approxi- 
mately the same quantity of flue gas is expected to be processed 
in each case. Since the physical sizes, weights and shapes of 
the SO2 scrubber system components for both the ECAS and modified 
plants are expected to be nominally the same, no exception is 
taken to the values of their associated direct labor installation 
manhours, developed in the ECAS Study (Ref. 7 ) ,  and the manhours 
are estimated to be the same as the ECAS values, as shown. 
6.0 PLANT PERFORMANCE 
T a b l e  V I  summarizer t h e  e s t i m a t e d  output of t h e  modifimd refer- 
e n c e  p l a n t  tor  t h e  250' and  175' F (394' and  353' K )  .tack gar re- 
h e a t  t e m p e r a t u r e  cases. The a u x i l i a r y  lorrer l i m t e d  i n  tho t8bl8 
are broken  down i n  t a b l e  VfI. F o r  t h e  purwres of t h i #  s t u d y ,  the 
q u a n t i t i e s  l i s t e d  are e s t i m a t e d  t o  be t h e  rame as t h o s e  of t h e  BCAS 
r e f e r e q c e  p l a n t  (Ref.  7 ) .  The v a r i a t i o n s  i n t r o d u c e d  i n  t he  ESP and  
s c r u b b e r  losses, f o r  example,  are e x p e c t e d  t o  be of r econda ry  
impor t ance  and n o t  t o  a f f e c t  any per formance  r e s u l t .  o f  t h e  ECAS 
r e f e r e n c e  p l a n t .  S e l e c t i o n  o f  o n - s i t e  l i m e s t o n e  p r o d u c t i o n ,  how- 
ever ,  r e d u c e s  t h e  coal i n p u t  r a t e  t o  t h e  mod i f i ed  p l a n t  by 2 p e r c e n t  
and improves  t h e  o v e r a l l  p l a n t  e f f i c i e n c y  by 0 .5  and 0.6 percent 
f o r  t h e  250° and 175' F (394O and 353O K) .tack g a s  r e h e a t  caser, 
r e s p e c t i v e l y .  
TABLE VI. - ESTIMATED PLANT POWER OUTPUT* 
s t a c k  Ga. Rehea t  Tempera ture ,  O F (O K) 
250 (394)  1 7 5  (353) 
1 btearn c y c l e  o u t p u t  (MW) I 819.9 068.6 
A u x i l i a r y  L o s s e s  (MU) 1 - 72.7 - 73.1 I 
N e t  Power o u t p u t  (m) i 
747.2 795.5 
I I 
,500 kV, 60 Hz, 3 phase  , I 
I I 1 
*Based o n  Ref. 7 ,  T a b l e s  10 and 26. 
T a b l e  V I I I  sun\marizes t h e  p l a n t  per formance  f o r  t h e  two r e h e a t  
c a s e s .  A s  i n  t h e  ECAS s t u d y  (Ref. 7)  t h e  amunary is broken  i n t o  
t w o  p a r t s ;  t h e  f i r s t  r e f e r s  t o  t h e  steam c y c l e ,  t h e  second  r e f e r e  
t o  t h e  o v e r a l l  p l a n t .  The h e a t  i n p u t  t o  the  steam c y c l e ,  6 8 6 7 . 4 ~ 1 0  6 
Bto /hr ,  is t h e  same f o r  b o t h  t h e  250° and 175O F (394' and 353O K) 
r e h e a t  cases because  t h e  c o a l  i n p u t  and b o i l e r  e f f i c i e n c y  were h e l d  
TABLE VII. - ESTIMATED PLANT AUXILIARY POWER LOSSES* 
. T Auxiliary Power, MW 
No. of Stack Gas Reheat Taperature, F (O K) 
I tern Assumptions Units 250 ( 3 9 4 )  175 (353) 
Furnace 
I 
FD Fans 19" >P, 0.82 eff 4 7.3 7.3 
PA fans 4ZWLP, 0.82 eff 4 2.9 2.9 
I ID fans 23" TP, 0:J8 eff 4 8.8 8.8 
4 ESP 695,000 c E ~ ,  300° F, 4 5.2 5.2 
I 0.997 eff 1 pulverizers 8 7.6 7.6 
31.8 
I Subtotal 31.8 
Turbine Auxi 1- 0.33 percent of 
iary gross kW 2.8 2.9 
i 10.0 8.6 
booster 600 psi, 6 x 1 0 ~  lb/hr. 
75 percent x 90 per- 
cent 2 3 -7 i 3.7 
condensate 185 psi, 3 . 9 ~ 1 0 ~  lb/ 
hr, 70 percenL x 90 1 
percent I 2 1.0 1.0 1 circ. water proportion to cooling I 
I heat duty I 3 4 - 8  1 5.6 
* 
1 Subtotal 9.5 10.5 
Water Intake / ECAS Estimate* I 2 0.9 0.9 
! 
Solids Handling Based on rates and 
1 3.0 1 r lifts 3.0 
"Hctel' Loads ECAS estimate 1 per- 1 
I cent of generation* 1 8 3 8.4 
Cooling Tower / Proportional to heat I 
20 I 2.3 I Fans I duty ! 2.7 
I I / Transfomers 0.5 percent of gross I 
I generator 4 4.1 ! 4.3 
Total Auxiliary ]  over 72.7 73.1 
*Rased on Ref. 7, Tables 11 and 1 5 .  
--- - - - - --== 
TABLE VTII. - PLANT PERFORMANCE SUMMARY* 
C 
I 
Steam C y c l e  
6 Heat  I n p u t  (10 B tu /h r )  6867.4 6867.4 
G r o s s  Power Output  (MW) 819.9 868.6 
G r o s s  Heat Rate (Btu/kWh) 8376 
Thermodynamic E f f i c i e n c y  
( p e r c e n t  40.7 
Overall  P l a n t  
Coa l  Heat I n p u t  Ra te  ( l o 6  B tu /h r )  
N e t  Power Ou tpu t  (MW) 747.2 795.5 
N e t  Heat  Rate (Btu/kWh) 10,547 
E f f i c i e n c y  (percent) 32.3 
'Based on Ref. 7 ,  T a b l e s  21 and 31 and F i g u r e 8  2 and 5. 
I 
I 
50 
A. . - b----- .1 
a t  c o n s t a n t  v a l u e r .  The g r o s r  power o u t p u t ,  however, is r i g n i f -  
i c a n t l y  lower i n  t h e  250' P (394O K) c a s e ,  due t o  the e x t r a c t i o n  
of  926,000 l b / h r  o f  stem a t  t h e  crormover p o i n t  f a r  t h e  f l u e  gar 
r e h e a t  a i r  heater. i n  t h e  250' F (394' K )  care canparod to  213,426 
lb/hr i n  t h e  175' P (353' t) case. Am a rerult, t h e  . L e u  c y c l e  
g r o s s  h e a t  rate, which i a  t h e  r a t i o  of t h e  rtaam c y c l e  h e a t  i n p u t  
t o  t h e  steam c y c l e  grorr power o u t p u t  i a  s i g n i f i c a n t l y  h i g h e r  for  
t h e  250" F (394" K) cahe t h a n  t h e  175' F (353' K) c3rc. S p e c i f i -  
c a l l y ,  it r e q u i r e s  8376 Btu of i n p u t  thermal  energy  t o  produca 
e a c h  k i l o w a t t  hour  o f  electrical energy  i n  t h e  2 5 0 ~  F (394O K) 
r e h e a t  care compared to  7906 Btu of  i n p u t  t he rma l  ene rgy  t o  produce 
each  k i l u w a t t  hour  of electrical energy  i n  t h e  175O F (353' K) 
r e h e a t  ca se .  These r equ i r emen t s  can be a l t e r n a t i v e l y  e x p r e r r e d  
as thermodynamic e f f i c i e n c i e s  of 40.7 and 43.7 p e r c e n t ,  r e spec -  
t i v e l y ,  for t h e  two c a s e s  r e l a t i v e  t o  an i d e a l  p l a n t  which r e q u i r e s  
3412 Btu of thermal  energy  t o  produce each  k i l o w a t t  hour  of  elec- 
t r i c a l  energy. 
T o t a l  h e a t  i n p u t  t o  t h e  modi f ied  p l a n t  is h e l d  a t  7881x10 6 
Btu/hr  based  o n  t h e  HHV of t h e  c o a l .  T h i s  coal i n p u t  rate is 
i d e n t i c a l  t o  t h e  fuel i n p u t  rate used i n  t h e  ECAS r e f e r e n c e  p l a n t 8  
when t h e  coal f o r  t h e  on-a i+e  l i m e  p roduc t ion  is exc luded ,  The 
boiler e f f i c i e n c y  of 87.13 p e r c e n t  is  used f o r  b o t h  c a s e s  as i n  
t h e  ECAS, Noting t h a t  t h e  n e t  p l a n t  power o u t p u t  is  747.2 MW f o r  
t h e  250° F (394O K) r e h e a t  c a s e  and 7 C 5 . 5  MW for t h e  17s0 F (353" Kl 
r e h e a t  case, t h e  n e t  p l a n t  h e a t  r a t e s  art> 10,547 Btu/kWh and 9907 
Btu/kWh, r e s p e c t i v e l y ,  f o r  t h e  t w o  c a r e s .  These,  a l t e r n a t i v e l y ,  
r e p r e s e n t  o v e r a l l  p l a n t  e f f i c i e n c i e s  of 32.3 and 34.4 p e r c e n t .  
I t  is of i n t e r e s t  t h a t  b o t h  of t h e s e  e f f i c i e n c i e s  are s l i g h t l y  
h i g h e r  t h a n  t h e  correuponding v a l u e s  c a l c u l a t e d  f o r  t h e  ECAS r e f e r -  
ence  p l a n t  (31.8 and 33.8 p e r c e n t ,  Ref. 7 ,  Tab le s  21 and 31 ) .  
7.0 DETAILED PLANT CAPITAL COST ESTIMATES 
T h i s  s e c t i o n  p r e s e n t s  t h e  d e t a i l e d  c a p i t a l  cost estimates, 
as of mid-1978, for t h e  ECAS and modi f ied  r e f e r e n c e  p l a n t  con- 
v e n t i o n a l  fu rnace  c o a l - f i r e d  power p l a n t s  w i t h  w e t  SO2 s c r u b b e r  
and 250' and 175O F (394O and 353O K )  s t a c k  g a s  r e h e a t  tempera- 
t u r e s .  S p e c i f i c a l l y ,  t h e  e s t i m a t e s  are f o r  t h e  
1. ECAS r e f e r e n c e  p l a n t  - 250' F (394O K )  r e h e a t  (table X )  
2.  ECAS r e f e r e n c e  p l a n t  - 175O F (353O K )  r e h e a t  (table X I )  
3 .  Modified r e f e r e n c e  p l a n t  - 250° i (394O K) r e h e a t  
( t a b l e  X I I )  
4 .  Modified r e f e r e n c e  p l a n t  - 175O F (353' K )  r e h e a t  
( t a b l e  X I I I )  
The format employed was s p e c i f i e d  by NASA, w i t h  a few minor 
v a r i a t i o n s ,  and i s  d i s c u s s e d  i n  s e c t i o n  3.4. The numbering and 
t i t les of t h e  major cost accoun t s  (i .e.,  accoun t  numbers 310., 
311., 312., 314., 315., 316.) conform t o  t h o s e  s p e c i f i e d  i n  t h e  
uniform systems of  F e d e r a l  Energy Regula tory  Commission (FERC) 
accounts  (Ref. 8)  ( f o r m a l l y  c a l l e d  F e d e r a l  Power Commission (FPC) 
a c c o u n t s ) ,  and t h e  s u b d i v i s i o n  t i t l es  g e n e r a l l y  conform t o  t h o s e  
employed i n  t h e  "(MHD) Engineer ing  T e s t  F a c i l i t y  (ETF) Design 
Report"  (Ref. 5 ) .  The fo l lowing  s e c t i o n  p rov ides  a  p i c t o r i a l  
gu ide  to  t h e  components which a r e  i n c l u d e d  i n  t h e  FERC accounts .  
7 .1  Cost  Accounts Assoc ia ted  With t h e  Major P l a n t  Components 
F igu re  9 (adopted from Ref. 7 ,  F ig .  2) p r e s e n t s  a schema t i c  
process  flow diagram f o r  t h e  r e f e r e n c e  conven t iona l  f u r n a c e  c o a l -  
f i r e d  power p l a n t  w i t h  w e t  SO2 s c r u b b e r .  The diagram i s  based  on 
t h e  ECAS r e f e r e n c e  p l a n t  which u t i l i z e s  a l imes tone  c a l c i n e r .  
I n d i c a t e d  i n  t h e  f i g u r e  are t h e  numbers of  t h e  r e s p e c t i v e  FERC 
accounts  o r  s u b d i v i s i o n s  i n  which each  of t h e  components or systems 
i l l u s t r a t e d  is inc luded .  For e a s e  of  r e f e r e n c e ,  t h e  co r r e spond ing  
t i t l es  of  t h e  accounts  and s u b d i v i s i o n s  are l i s t e d  i n  t a b l e  I X .  

------.-- - - - 
TABLE I X .  - TITLES OF THE FERC ACCOUNTS INDICATED 
ON THE PROCESS SCHEMATIC OF FIGURE 9 I t 
i 
I 
i 
54 
FERC 
+ 
ACCt 
No. Account Title 
311. STRUCTURES 6 IMPROVEMENTS 
311.15 Water Treatment Ponds 
311.3 Main (Turbine-Generator) Building 
311.4 Steam Generator Building 
311.9 On-Site Waste Treatment (Including Water 
Treatment) Building 
1 312. BOILER PLANT 
312.1 Coal Handling 
312.3 Limestone Handling 
312.41 Steam Generator (Equipment) 
312.44 (Steam Generator) Auxiliaries 
312.61 Condensate and Feedwater System 
312.71 Prec*ipitators and Breeching 
312.72 Chimney 
I 
I 312.73 , Stack Gas Reheat System j 
312.81 Flue Gas Desulfurization Equipment 
I 
312.83 I Lime Manufacturing System 
314. I STEAM TURBINE-GENERATOR AND AUXILIARIES 
I 
314.1 Steiun Turbine and Auxiliaries 
314.2 Condenser and Auxiliaries 
314.31 (Circulating Water System) Pumps, Valves, 
Piping and Structures 
314.32 cooling Towers 
314.41 Main Steam (Piping Systems) 
To revise the schematic to represent the modified reference I 
plant, the only significant change necessary is to replace the i 
lime manufacturing system (calciner, calciner coal supply, cal- 
ciner exhaust gas cleanup and lime transfer system) with a lime- 
stone preparation system (limestone pulverizer and slurry pre- 
paration tank). The limestone preparation system will also 
replace the lime manufacturing system in FERC Account Su~division 
312.83. The material flows indicated in figure 9, of course, 
will require alteration too, but this will not affect the FERC 
account in which the equipment is listed. 
7.2 Detailed Capital Cost Estimate Tables 
Tables X, XI, XI1 and XI11 present the detailed capital 
cost estimates for the four reference plant configurations con- 
sidered in this study. Each of the estimates is based on the 
original ECAS cost estimate details developed as part of the 
ECAS study (Ref. 7), which are included in Appendix C, for refer- 
ence. To provide the means to correlate the estimates in this 
section with those in Appendix C, each of the estimate items in 
this section is identified (in the second column of each account 
subdivision) with the number(s) of the associated item(s) in the 
ECAS estimates. 
Since the ECAS estimates were not in the format required for 
this study, they were recast appropriately. For reference, the 
recast estimates are included in Appendix E, since they are in 
mid-1975 dollars rather than mid-1978 dollars. For inclusion in 
this section, the estimates were updated to reflect costs as of 
mid-1978. This was accomplished by applying separate escalation 
factors to each of the FERC accounts. These account specific 
factors were calculated from the Handy-Whitman Index of Public 
Utility Construction Costs (Ref. 9 ) ,  as discussed in Appendix B 
and listed in table XXV, and were applied appropriately to 
escalate the major component, balance-of-plant materials, 
installation and indirect costs of each account. A 20 percent 
contingency factor, as employed in the ECAS study, was applied 
TABLE X. - ECAS REFERENCE CONVENTIONAL FURNACE 
COAL-FIRED POWER PLANT WITH WET SO2 SCRUBBER 
CAPITAL COST ESTIMATE DETAILS AS OF MID-1978 
(250° F Stack Gas R e h e a t  Temperature (1)) 
(Mid-1978 Dollars) 
*See page 70 for explanation of footnotes 
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kI1n muck. 1- ConmpC 
b - r r e t  e l r r a to r .  s t o r a w  
~d 1- *lrLcr 
- z l ln t r r rhmal i -g  - - - l r r l e  i. .r ml- 1 U . X  . m.1 
s p t r  r u n t l o n m .  
foad . t I am.  oa- 
R p r S .  etC. 
* I d m 
*See page 7 0  for explardtion of footnotes 

TABLE X. - (Continued) 
L m s  
PLK k p o r t  ~ c c o ~ t / ~ u W i v i a i o n  n 8 t e r l a l  C a s t s  
nceount Xdent. h > o r  ( ,  Balance ( 2 '  l n r t a l l e t i o n  !direct C n n t i n g e ~ ~ c y  T8-1 
N&r No(.). (2) Tl  t l e  R a c r l p t i o n / S ~ l f l c a t i o n  Complr.ent of P l a n t  Cowt (3)  Cost (4) ~ : ? o u a r . c e f ~ l  b m t  
.- 
cm1ir .g Towra  r o t a 1  subdivialon 314.32 314.32 - - .;. 3';4,7fi? 2,118,935 - ,92?,s9; 1 .;:&,JI A ~ , > J + ; ~ ? A  
3.11. Tower Sr ruc tu re  Kechanic81 d r a f t  t m e r ~  - 2.C32.19C 775,970 69a,303 EG1.355 5.16a.128 
T-8 (20 e e l l a )  with fans and motor. 
C i rcu la t ing  water  - 1,752,630 1,343,025 1,209,294 860.9i94 5,165.903 5 . 4  T w e r  baain L c l rcu-  
r-2 I a t i n g  water s y s t n  plmp pads, r i s e r  m d  con- 
c r e t e  envelope f o r  pipe;  
cooling t o w r  bas in ;  cir- 
c u l a t i n g  water pipe (1.0. 
- l 1 4 ~ n . )  L vrivcs;niSC.  
s t r e 1  L f i r e  protect ion.  
I 246,000 steam Piplnq L y x  1314.4 1 - 1- r o t a 1  Subdivision 3i4.4 - 14,439,900 14,131,608 12,724,460 8,259,194 49,555,161 
YlC.41 '6.1, k i n  S t e u  Total  Subdivision 314.41 - 4,889,500 1,208,723 1,088,365 1,437,317 8,623,305 
T-1 Haln steam (I. D. - 
15.3 in.. t c 3 . 9 7  i n ) #  hot  
reheat  (X.D.-18. l ln . ,~-2.25 
in)  I cold r e h e a t  (1 .D.-32.54 
in..  t,-1.57 i n )  r feedwatrr 
(1.3.-26.54 in., 0.675 in . )  
and condemata l a rge  piping, 
valves m d  f i t t i n g s .  
314.42 6.3 ~ w t i l i u y   tea - - - I eluded i n  SubEivfsion 314.43 
4 . 4  - ~ s ~ l l . n ~ r u  Piping mtal Subdivis ion 314.43 - 9,550,400 2,922,886 11,636,096 6,821,076 10,931,257 
s y s t e m  
- i I 6.3 Other l u g e  p ip ing  Auxil iary stem. 5,143,500 3,447,090 3,103,e55 2,338,890 14,033,313 
p-as w a u r ,  a u x i l t y  
s y s t e u  
6.4 S ~ l l  pi pi^ AJl  piping.  - 1,714,500 1 2,268,220 2,041,363 1,205,017 7,230,100 
valves and flttii-• of 
2 i n .  d i u m t e r  and 
l e a s  
6.5 Hanqers and ~ S C  A11 h a n q e n  - 1,854,200 6,767,450 5,643,372 2,753,004 16,511,016 
c l l m e o u ,  lrbm and aupyor t r i  m t a r i e l  
operations h m d l i n g i  s c a f f o l d i n g  
and ascoc ia ted  miac- 
e l l a m o u r  l abor  
opera t ions  
6.6 Pipa i n . o l m C l c  - - - - 838,100 U O , l l O  B 524,965 3,149,7U 
I 
*See page 70 for explanation of footnotes 
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TABLE X. - (Concluded) 
z w  
rn -port n s t a l l a t t a n  Indirect  =?rtln9mcy t o t a l  
~cco .mr  Idaqt .  Cost (3 )  a r c  (4) r: ln.nce(S)  Cost  
~--ber tJoCm1 ( 2 )  f l t l r  
r?A.~s*lss:oN P'AW 5 4 . C ; :  & . + r e  C:S..<< 2.3;: ,E52 350. - 
- 
3SO.l 5 . 5  S C ~ U = C ~ _  L - :rprove~ntm - - - udrd in SuSnivis irn 3 1 1 . 3  
- 
5 .1 .5 .3  
rota1 Subdiv l s lon  3SO.2 
- - - 
54.059 46.W 485.144 2,010.e62 3 0 . 2  4.1, 1-1 Rain TransforrrrS 
468 W A ,  FDA. 65O 
Ine .&a in SubCirision 315 ,3  350.1 4 - 3  
I 
m u 1  o f  Direct  Accounu 310. to 350. 81,9%.3' i .  71,187,261 74.625.47Ci 44?.811,6:C 
~~~.l~ci~ c lntercst - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ 3 . 3 4 2 . 7 9 5  
During C*.r.srrurtlon C 5k.8 
p m t  (5.5 yr. coneu. per. 6 .5  
percent ecdntion rara. 10 per- 
cent lnccremt rate) (10) 
~ o t a t  p?ant raplt.1 coat in 19. mllmr, ------.---....------------------------------------------------------------------ 772.WS.51 
I r o t a 1  P l a n t  Capital Come b.-Esealmtcd to mid-1978 (11)---"""---"---'----'-'---------------- Y b . l o 3 . 7 ~  
*See pages 70 and 71 for explanation of footnotes 
NOTEa TO TABLE X 
(1) Based on ECAS r e p o r t  t a b l e s  1 5  and 1 6  ( R e f .  7 ) .  
( 2 )  I d e n t i f i c a t i o n  numbers c o n s i s t i n g  o f  letters and n u m e r a l s  r e f e r  
t o  t a b l e  1 5  o f  t h e  ECAS r e p o r t ,  r e p r o d u c e d  i n  Appendix C ,  p a g e s  
178 t o  1 8 0 ,  f o r  r e f e r e n c e .  I d e n t i f i c a t i o n  numbers c o n s i s t i n g  
o f  n u m e r a l s  o n l y  r e f e r  to t a b l e  1 6  of the ECAS r e p o r t ,  r e p r o -  
duced  i~ Appendix C ,  p a g e s  1 8 1  t o  1 8 7 ,  f o r  r e f e r e n c e .  R e f e r -  
e n c e s  t o  o t h e r  ECAS r e p o r t  tables a r e  a s  i n d i c a t e d .  
( 3 )  E s c a l a t e d  f rom t h e  mid-1975 v a l u e  l i s t e d  i n  t a b l e  XXXII u s i n g  
t h e  a c c o u n t  s p e c i f i c  e s c a l s t i o n  f a c t o r  l i s t e d  i n  t a b l e  XXV. 
( 4 )  S e e  Note 3. 
(5) Rased on t h e  20 p e r c e n t  c o n t i n g e n c y  rate i n c l u d e d  i n  t h e  ECAS 
report (Ref .  7 ,  p a g e  4 4 ) .  
( 6 )  The costs o f  t h e  b u i l d i n g s ,  s t r u c t u r e s  and  e x c a v a t i o n s  l i s t e d  
i n  Accounts  311.3, 311.4,  311.6, 311.7,  311.9 and  312.1  a r e  
c a l c u l a t e d  u s i n g  t h e  e s t i m a t e d  p e r c e n t a g e s  o f  t h e  sum o f  t h e  
c o s t s  o f  I t e m s  5 . 1 ,  5.2 and 5.3 o f  Ref.  7 ,  t a a l e  1 6 ,  l i s t e d  i n  
Appendix C ,  paso 1 9 9 ,  t a b l e  X X X ,  e s c a l a t e d  t o  mid-1978 d o l l a r s  
u s i n q  t h e  a c c o u n t  s p e c i f i c  e s c a l a t i o n  f a c t o r s  f o r  Accounts  311. 
and 312. ,  where  a p p r o p r i a t e ,  l i s t e d  ' n  t a b l e  XXV. Note  t h a t  
t.he same t a b l c  a p p l i e s  t o  b o t h  t h e  250° and 175' F (394O and  
0 353  R )  r e h e a t  c a s e s .  
( 7 )  Thc s e p a r a t e  b a l a n c e - o f - p l a n t  m a t e r i a l s  c o s t s  f o r  t h e  f e e d w a t e r  
b o o s t e r  ( 2 )  and main  f e e d w a t e r  ( 3 )  pumps a r e  e s t i m a t e d  from t h e  
combined b a l a n c e - o f - p l a n t  m a t e r i a l s  cost of  t h e s e  f i v e  pumps 
( $ 3 , 2 2 0 , 0 0 0 ) ,  l i s t e d  i n  Ref .  7 ,  t a b l e  1 6 ,  a s  f o l l o w s :  The com- 
b i n e d  equ ipment  c o s t  o f  t h e  pumps $3,070,000 ( ( 2 ) x ( $ 1 2 5 , 0 0 0 )  
+ ( 3 ) x ( $ 9 4 0 , 0 0 0 ) )  i s  s u b s t r a c t e d  from t h e  combined b a l a n c e - o f -  
p l a n t  m a t e r i a l s  c o s t  and t h e  r e m a i n d e r  ($150 ,000)  d i v i d e d  by 
t h e  t o t a l  horsepower  o f  t h e  f i v e  pumps (45 ,500  hp)  r e s u l t i n g  
i n  $3.30/hp. T h i s  c o s t  p e r  horscpower  is t h e n  m u l t i p l i e d  by 
t h e  horsepower  of t h e  t w o  f e e d w a t e r  b o o s t e r  pumps, f o r  example ,  
NOTES TO TABLE X (Conc luded)  
t o  g i v e  $25,410 (7700 h p  x $3.30/hp) and t h e  equ ipment  c o s t  
o f  t h e  two pumps, $250 ,000 ,  added t o  t h e  p r o d u c t  t o  give 
$275,410.  T h i s  f i g u r e  is t h e n  e s c a l a t e d  t o  mid-1978 d o l l a r s  
($341,500)  u s i n g  t h e  1 .24 f a c t o r  f o r  FERC Account  312. l i s t e d  
i n  t a b l e  XXV. S i m i l a r l y  t h e  c o s t  o f  t h e  main  f e e d w a t e r  pumps 
i s  e s t i m a t e d  as $2,944,740 (i.e., ($3 .30 /hp)x(38 ,700  hp)  
+ ($940,000)  1 ,  which  i s  e s c a l a t e d  t o  $3,651,500.  
( 8 )  The s e p a r a t e  b a l a n c e - o f - p l a n t  materials c o s t s  f o r  t h e  s t a c k  
g a s  r e h e a t  s y s t e m  f o r c e d  d r a f t  f a n s  a n d  r e h e a t  a i r  h e a t e r s  
a r e  e s t i m a t e d  f rom t h e  combined $3,090,000 b a l a n c e - o f - p l a n t  
m a t e r i a l s  cost l i s t e d  i n  Ref.  7 ,  t a b l e  1 6 ,  as f o l l o w s :  The 
combined equ ipment  c o s t  o f  t h e  f a n s  a n d  h e a t e r s ,  $2 ,880,000 
( 6  x $200,000 + 6 x $ 2 8 0 , 0 0 0 ) ,  i s  s u b t r a c t e d  f rom t h e  combined 
b a l a n c e - o f - p l a n t  m a t e r i a l s  c o s t .  The r e m a i n d e r ,  $210,000,  is 
d i v i d e d  e q u a l l y  be tween  t h e  f a n s  and  h e a t e r s ,  and  o n e  $105,000 
p a r t  i s  added t o  t h e  equ ipment  cost o f  t h e  f a n s  and  t h e  o t h e r  
t o  t h e  equ ipment  cost o f  t h e  h e a t e r s  t o  g i v e  $1,305,000 a n d  
$1,785,000 f o r  t h e  r e s p e c t i v e  b a l a n c e - o f - p l a n t  m a t e r i a l s  cost 
o f  e a c h .  T h e s e  v a l u e s  are e s c a l a t e d  t o  mid-1978 d o l l a r s  
($1 ,618 ,200  and $2 ,213 ,400 ,  r e s p e c t i v e l y )  u s i n g  t h e  1.24 f a c t o r  
f o r  FERC A c c ~ u n t  312. l i s t e d  i n  t a b l e  XXV. 
( 9 )  I n c l u d e s  t h e  LO p e r c e n t  c o n t i n g e n c y  i n  Note 5 a p p l i e d  t o  t h e  
1 5  p e r c e n t  A/E s e r v i c e s  and f e e  r a t e  employed i n  t h e  ECAS 
r e p o r t  (Ref .  7 ,  p a g e  4 4 )  t o  a c c o u n t  f o r  t h e  change  i n  t h e  
order o f  a p p l y i n g  t h e  c o n t i n g e n c y  and  A/E s e r v i c e s  znd f e e  
r a t e s  i n  t h i s  s t u d y  compared t o  t h e  ECAS s t u d y .  
( 1 0 )  Based on t h e  g u i d e l i n e s  s p e c i f i e d  t y  NASA f o r  t h e  ECAS s t u d y  
(Ref.  4 ) .  
(11) The sum of t h e  P l a n t  C a p i t a l  C o s t  and  E s c a l a t i o n  a n d  I n t e r e s t  
Dur ing  C o n s t r u c t i o n  d i v i d e d  by (1 .065)  t o  d e - e s c a l a t e  t h e  
T o t a l  P l a n t  C a p i t a l  cost i n  J a n .  1984 a t  t h e  c o m p l e t i o n  of  
t h e  5.5 y c a r  c o n s t r u c t i o n  p e r i o d  t o  mid-1978. 
TABLE XI. - ECAS REFFPENCE CONVENTIONAL FURNACE 
COAL-FIRED POWER PLAXT WITH WET SO2 SCRUBBER 
CAPITAL COST ESTIMATE DETAILS AS OF NID-1978 
(1750 F Stack Gas Reheat Temperature (1) ) 
(Yid-1978 Dollars) 
- 
EE b p r t  . Mate la1 Casra 
k c o r a t  Ideat .  k l o r  ( 1 1  mlac'2' ~ m a t a l l a t i r  mime m- rmrml 
- r  ro (8) .  (2) bcscrlpclanfSp.cl f lcat1m bsponen t  of  ? l a a t  . Cost ol C e n t  (4) -1- 
310. INm NIB Um IXCWrS . - -  lot 1nelrd.i lm St* 
311. - m 5 ' m s  m ~~s ~ o t . 1  k c - - t  311. - 13,155,540 12,304,700 11.077.954 7.307,-3 43.M5.857 
(6) 
311.1 7.0 I lproresentn t o  t l t o  To ta l  Subdl*lmloa 311.1 - 1,647.2W 3,530,170 3,178,655 1.671.205 10,027,230 
3 l I . l l  7.1 s t r o  heparac lon  and 6 1 1  re8t lng.  c l e a r i n g  d - 11,600 1,185.810 1,067,734 453,029 3,711,173 
Impramonca grubblsg. rough gradlog. i lmlab 
gradlog, landmcapiag 
3l l .U 7.2 ~ l t m  w c l l l t l e e  S t o r r  and a a s l t a ~  s w s r a ,  #- - W.000 6B,l50 61,3b4 37,503 025 , a 7  
proem88 aer*lca water 
311.13 P.3 loads  and m l l r o d a  U l l r o a d  apur. mada. nlb mod - 859.400 368,010 3 3 1 . a  311.555 1.a69.nl 
parklng a re88  
31l.U 7.4 T a d  uul  P l a t  ?lra - - - - 6%.000 7m.760 CY).lY Y*, W 2,451,535 
?rot.ctlOa, I8oc.S d 
a t e m  
3Il.U 7.5 tt.ter T r a a m r c  -a U r t h u o d .  p n d  l l m i m a .  off- - 2 3 . m  1,199,440 1.010.006 W.U, Y'7u.176 
aft. p t p e ~ i u e  
311.3 - -10 ~ u ~ l a e - C . a * r a r o r ~  ~ t ~ t ~ l ~ ~ l r i a l s n  911.3 - a , n z 2 , 1 ~ )  2 , n r . l ~  2 , m r 4 m  1.u3.sn m,uir4% 
s u t l d l n g  
- - - - - 111.n s.~.s.s - ncmvatton,  m b 8 t r ~ t ~ r 0 .  dm- - 
wmterlna and pfl lna.  1~1d lng  
excar8t lon and wbmtructure 
f o r  tranrml8slon p lan t  oulccb- 
yard 
311.92 5.2 - Dalldlsg s tcuc tu re  and *err lee# - s,sn.sm s , a s s m  ~ , ~ S . ) L Q  . m.rn7.w 
- S t e r  O r w r a t o r  k t l d f a #  Tota l  k e d l v l r l o m  311 .4 - - - - - - 311.4 
- 
- - - - JXI.~I s.1.s.s - ~ a v a t ~ e n ,  a ~ b a t n r t u t ~ .  4.- - 
v r t e r l n a  and p l l l n g  
9ll.4? s.2 - Enclooure r t r u c t u r e  and aer-  - - I - - - 
r l c c 8  
b 
*See page 86 for explanation of footnotes 
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k o u n t  
W=%r 
1 
*See page 86 for ex~lanation of footnotes 
, 
AcrountfSubdlr1sIon 
Xeent. 
o ( -1.  (2)  
- 
I - ' .  5 1. 1 M a t e r i a l  Ulor 13 )  
11a.11 
112.1a 
I n s t a l l m t i o n  
C ~ t a  
Balmcm ( 3 )  
5 .3  
- 
C-1 
C-2 
C-J 
! 
- 
C- 4 
c-5 
C-6 
C-7 
C-• 
Q-t I)) 
37,h:5.'9q 
2,4:7,7'5 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
Tlt l .  
X n d l m t  
bss_crlptlon/Spaelflcatlm C o ~ n e n t  
- 
mu1 
U t  [ L  
2.'. . . ' . C R 9  
2. I . !  
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
8 0 1 ~ ~  r ~ ~ y r a  
Coml ?and¶!- 
bnL0rdL.l rd ward Stor.9. 
-1 a r s u y m r  k t t  
Onrrpr blt 
Q.1 m - p r  b o l t  
k c l a l m  awl D . l l r q  
ODll Qsnrrmr klt 
Q.1 Q m r p r  belt 
-1 C a r c y a r  belt 
-1 C b n v e p r  belt 
-1 O s m p r  klt 
(2  4.) 
o f  P l a n t  
~ . , q  
37,!31f, .r6A 
?,f,W,:72 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
-,
225.-'1.237 
15.1R9.633 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
7 - , 1 3 1 .  1 f ~  
0 ,  1 ,  f r  
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
f o c a l  Account 312. 1 - 5 ~ , . 1 . . .  1: ~ o c r l  Subd lv fa lon  312.1 Coal .  X l n - t o n e  and a r h  h a i d l l n g  excavmt lws .  IounEntlona pl tm and toaa.1 Al.0, r a l t c s r  dumpinp 
c q u t ~ c - ~ c .  dumt c o l l e c t o r r .  
prf3ry and r r c o n d a r l  crumh. 
i n 8  rqu ly -en t ,  b e l t  mcmlc. 
ma..-plln8 mra t lo i .  ~ . s n e t I c  
c l e rne rm,  m b l l t  c q u f ~ n t ,  
c o a l  a i lom,  recla la!n& 
feederm, and t h e  f o l l w l n ~  
conveyorm to c o a l  p11a and 
c o a l  aLlos:  
- - - 
60 In. wide. 340 Lt. long. 
3090 tph 
60 In. r~dr .  760 It. I-. 
3000 t p h  
60 In .  w i d e .  190 It. lo rq .  
3090 t p h  
- - - 
42 Ln. rid.. 900 It. lay. 
509 tph 
42 in .  rib. 540 It. I m p .  
50t  t p h  
42 in .  wide, I 7 0  ft. Imp, 
SF0 t p h  
42 In. wide, 110 f t .  lonq, 
503 t p h  
10 In. wl&. 160 It. 1-9. 
300 t p h  
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
TABLE XI. - (Continued) 
* s e e  Dage 86 e x p l a n a t i o n  of Sootnotes 
-1 
cost 
7,353,809 
- 
2.590.M 
- 
- 
- 
- 
- 
lm."laa 
97,147.3% 
1 
-ti- 
a l l o r n a l S  
1.225. t ls  
- 
431.132 
- 
- 
- 
- 
- 
2 0 0 1 a . s ~  
16,191,226 
R1L: 
kcant 
r-r 
1 .  
JU.11 
912.J 
912. tt 
cau 
kprrt 
I 4 e r t .  
rots). 12) 
1.10 
C-1. 
1.9 
- 
M 
v 
xn~~roe t  
mt (4) 
800.271 
- 
6 
- 
- 
- 
- 
- 
16,477,715 
11,020,1280 
--. 
T i t l e  
11.9 an0 &h R m d l l n g  
Ply u h  mmr- milom 
( 1  rrpd.1 
LLumroru R u d l l # q  
---F- 
,-m- ~onrrpr b.lt 
Wmt.rl.l 
m j o r  01 
Component 
- 
- 
- 
- 
- 
- 
- 
- 
, 2 6 2  
49,265,200 
312.4 
9ll.41 
AeccmtfSubdlrlmlar 
R u r l p t l m / S p c c ~ I l c a c l o n  
m t a 1  k-t 312.2 
Bottam a s h  system. 
f l y  a s h  h u d l l n q  m y s t n  f o r  
p r e c l p l t r t o r s  m d  a i r  pre-  
hea te r .  a s h  conv-yors. 
r d l l r d r  load in?  equipment, 
ash ?appcrs .  mluicm p\ops 
and driver, p lp lnq ,  cllr.kmr 
q r l n d e r ,  p r e s s u r e  blowers, 
v d l v o  and plplnq.  md Uw 
f o I l a v i n q  s t o r a g e  s i l o s  and 
dssoc ia ted  e q u i y ~ n t :  
.'ecderw, m l m d c r m  and 
IounSt t lons ,  milor :  t o t a l  
-1- 811,104 cu. ft.. 
I S  It. hi*, 80 ft. dl.. 
mt.1 Subdlvlaion 112. j  
Mpn.tlc c l . . ~ r m ,  
m c l a l d n g  I e e d e r m ,  b o l t  
mcdle, and the I o l l o r l ~  
conveyors ta l l ~ s t o n r  
p i l e  ud e m l c l n e r ~  
60  in. ride. SO0 it. m. 
Eau 
ba lance  (3) 
DI Plan t  
4 . 4 1 9 . 2 0 0  
- 
1 . ~ ~ 0 . 0 0 0  
- 
- 
- 
- 
- 
16,492,000 
8,432,MK) 
3000 tph  
24 i n .  r l d e .  630 It. l-. 
6 5  t p h  
24 i n .  v lde .  420 f t .  long. 
65 t p h  
24 i n .  wldr, 110 It. long,  
roo t p h  
T o t a l  Subdlv i s lon  912.4 
Reat t r a n s f e r  
.urfac. ud prrm.un-0 parts, 
b u c k s t a r s ,  b r a c e s  u d  
h m g e r s ;  fuel-bur: inq 
equipment, accearorbes,  
m a r t  md ash  e q u i p e n t r  
c o n t r o l  syste-. br ick-  
uork. r e f r a c t o r y  ud 
l n s u l d t i o n ;  muppun s t e e l  
r u s e .  u t e r l a l s ,  p r i ~ r y  
a i r  f r n r c  Ieedwat-r piplnq 
n m ~ l l m t i o n  
cost 0) 
888,770 
- 
320.540 
- 
- 
- 
- 
- 
' IO.m.920 
12,238,800 
C-10 
C-11 
C-12 
- 
1.5 
Table 1 4  
- 
L L s m W  QII.rlor klt 
I l r s tom Conwepr klt 
L l r s t o r w b u c k m t ~ r c y u r  
S c e r  -rator m l p n t  
S t m n  (;rmrator 
TASLE XI. - (Continued) 
- 
T 
- m r t p o r ;  I u t m d . 1  t m t m  
l een t .  )(.)or ( 3 1  Bal.nco (3lZnst.ll.tian X a d l . ~ t  
w r  s o f s ) .  12) Wtlm ~ s - t i m B p e c i I I c a t l e n  m g n r m t  ~ 1 1 1 1 1  am (3) b t  (4) ~ l ~ ~ ~ (  r 4 
, ~,:*;,R?G 1 .573 .155  2 , 4 1 4  1 4 . 4 . ~  .eel 
D12.42 6.7  r n m t n r n t a t l o n  and Znteqrated - 
Controls  hot l e r  contrnlm,bol~er/ 
t u r b i n e  c w r d l n a t l n p  
c o n t r o l s ,  = in  much. 
system eonrro l  b a r d - .  
.a-plirq lystem in-lud 
u . a l y r - r s  m d  s ~ - p l l n g  
I 
panel. s tack  e d r s i o n s  
w n l t o r l n q  system ud 
d a t a  a c q u l ~ l t t o n s y S t * ~  
a l r  preheatera z,033,2UJ 7 2 ,  1 ,  
9.wr,%l 
3l2.41 1.2 L d l l u l o s  f l u e s  and duc ts  t o  pre- 
c l p l t a t ~ r s o  inwula t lm 
f o r  Clues ud ductmr 
p l v o r i r e r s ,  feedarm 
and h o ~ p c r ¶ #  and the  
f o l l o v l o p  fanso 
Ir b t t  (2 rrgd. Cp-rating: 971.006 c h  9 1, - v-9 
@ :4R3,6<0 w. 1 S . P .  outlet - 19 in. v.8. 
r c s t  b?ockr 1,155,000 c h  @ 
1050 r ,  c . ~ .  out let-2l.l in. 
w.9 .  
mtorr 6.500 bp 
I-10 h m  c(= tans ( 2  reqd.) C q ~ r a t l n q :  161.7- cfm 0 (rnc1d.d i n  s b d l d m i a n  311.019 940 1, 5 .  P. Inlet-  19 in. 
r.q.. S.?. o u t l o t - 4 2  h. 
w.9. 
7e.t I l l a c k :  294.000 c tr  
1210 1, S.?. lnlet-19 in. 
r.9.. S.P. outlrt-S4.6 in. 
J.9 
m t o r :  2 . 2 M  hp 
I-14 r r d d  &ate tru Op.ratfinft ~ . ~ e h @  d P, - - - - - - 
(4 m. r t o t a l  S.?. - 2 1  in .  w.q. 
s 2 7 ~ , ~ 1  oa.1 r e s t  blacks 000.000 c h  @ 
1250 1. :0ca1 5.P.-M in. 
w.9. 
-tor: 5.- h. 
1 - 
*See page 86 for explanation of footnotes 
TAPLE XI. - (Continued) 
- 
-t 
b me-c 
112.1 
1 
311.61 
IT m14 16 1040/41s 6 . r z r l C  45,- 
m? 145/510 5700/5 11 6.22d0‘ 49.W 
D m  6 . ~ 2 ~ 1 0 ~ -  6 J51° ? 
J l l - i l  - I c W r I k . - t S y m C I  - - - L r 1 . U  L hY .dm' ma 1
1 
J11.V - t l t l r r t  Ch.lt-1 ?mu1 S U r l s L o m  Jls.7 5 1 2  2.571.%3 3.1w.M I ) . l n * m  
i 
- - 
LU 
-mer 
tuemt. 
-~s).[Y) 
, 
_ 
- 
J. J. 
I4 
1.1. 
I -  
1.1. 
I4 tn 
v-1 
3.3. 
I- I 
ritb 
nr;dl-lmq ballmr Symtn  
=.er B d l o r  P l m t  Sys t c r .  
tonCrnaato ud rocduatmr 
symt*. 
h 1 n  c a d m s a u  prp. 6 
m*arm f1 repd. :: 1: .F9?  
0. I 
r u t o r  bpo.tor pq. 
.nd rr- (1 ocgd. @ 
' 1 5 5 . Y  7 ra .  i 
r(lln b o l l r r  ford- 
Hd t d l n o  drluom 
( )  ~ d .  @ :: .: - : . r ? C I  ea.1 
b~i1.r t o d u a t o r p l p l ~  
Iwbra to r  beatrcm 
P r e s a . ) h q .  ?re.m.-. P e t c a t  trmhr -a 
vie' r p s i a P  r - Lb/hr 
V@1 3 i l - 6 r  Ilo/lU 4.151la' 17.170 
LC81 lU115 210/190 4.75.10' 16.2.0 
V(1 20/22@ 110/723 4 . 5  16.600 
-84 S?/JOO a l o / n s  4.75=101 12.110 
~ V l ~ 1 v l . h  
~wrlptlonBpocitlut1a 
ap t lo ru l  (not 1ralud.d) 
h D u l  SubCirision 112 -6 
T ~ t d  Subdlwlston 312.61 
V o d c m l  c m c l r l l a o .  510' 
gp1. 750 hp c t o r .  410 
tt. m to-. pq. .nl 
dr1.r~. nor I l s t ed  eI&rm) 
- 
1.m m. 3osohp. 1510 ct. 
4- .pl, 12.600 L.. 
83- f t .  lUl 
- - - 
m-l~.nrou h m t m r m  rd 
oxc5.r.p.rmo tmkm and v m m r l o ~  
M d  tk. ? e l l w l I q  la, pres*un 
(a?.  L? to r rd l a t e  prosmun (1) 
and &amratlnq r e d r a r e r  (1) 
hcmtcrmx 
slrlt hr! 
Mt.rL.1 
h j o r  r l w  
a a r p ~ m n t  
- 
- 
- 
- 
- 
- 
- 
O.t. 
r a l r r m  
of pi-t 
- 
R.742.200 
0,742,200 
? 1 5 . 8 ~  
1 4 1 . ~ 0  
J.6S1,W 
-1- 
3.918.4@0 
1100 
I-- 
(4) 
- 
314.861 
314.861 
G5.5% 
26.130 
1a.W 
, m l  J14.U 
ll.,071 
M 
cbmt 
- 
!?.td9.r'), 
II.H0,@@9 
1.163.0% 
-6.2~4 
4,647,617 
5,001.10 
hmtallatia 
om+ (3) 
- 
349.t9. 
9 
72 ,a50 
~ 9 . 1 4 ~  
U 6 . W  
W lm s a w :  
131.13C 
r a t  
i x h m a u ( 5 l  
- 
I .8B1.149 
1.881.349 
191.849 
79.376 
774,Y)I 
033,SU 
4 
.r 
- *  X 3 
n' E. 9 R la ;i rn O r "n 
n * 
5 - 
a 
i 
r. 
w n 4 
r- x f a 
? -. 
m 
C1 
.. 
I 
r- z :  f II! ; 
t l s  P : r- % '-! 7 i f "n n m 
a 
a 
I n  , 
3 -  c. R 
a- p a E 
:j 1 C n a n CI 0 w Y  d a' 
t .. 
C 
- 
C)  "
* R  X % !  8 i f !  2 C - i 8 l. 9 r 112% L ,a .. w 
a I I 
- 
I 
I I I 
I ' 1 3 ;  ; 
4 2 ; -  I 
0 c. ? 
4 n d :;;;tLi 2 3 :  ' N :. d . .  .I Ija;  =  . 4 n Y L I P '  8 i I 
u . * - o m  " R :  2 0.- 2 ~2' 4 1 E I - $ .: *." * -- 59  ., d .  
O v $,.a 2 tJr:jzc ; 2 :  o ; -: vo it " Q gf.I*:t; l .,m..sz - 2  ; t*-i;/,$ sc. 4 z g ' . . . . .  ..A . 
111 " b  ." a : - :-2e,: .-... . .5: 
d . u u  Y e a  * ? $  7 - - u s J u  *J 3%3:2;~ c ;  ; i  . u n  .I w : - ,  5 %  m . l w - ? Y  ?, 
g ::!I'E: 8 Bilit. ~. -z . .P  - n  
I 
0 g 4-  w  
3 -=  -. f '  Y * .  1 u-4 l 
jq 
t : 'i 
m . u  
3 ?  
4 I 
a %  s 4;: r;: 4 t;.; . ': E E 
L I s t t -  
- 
N - 0 t ii t: Y': r. " . . I .  a r , ~  2 . - 2 ~9 . a i a  . 8 % A L ~  n b n~ 
a 0 
? C. 
N N 
I d 
I I CI I 


TABLE XI. - (Continued) 
- 
*See page 86 for explanation of footnotes 
u 
w 
115 .5a? .059  
4 5 . 0 0 z * 1 1 L  
4,2*7,066 
1 3 , 3 5 2 , 4 3 1  
1 , 2 4 5 , 0 1 3  
1 ,245 ,093  
m w  
L l l o u u u s t S  
q.266.510 
7 , 5 0 0 , 5 1 0  
7 1 6 , l m  
2 ,225 ,406  
207 ,515  
207.515 
t a d t ~ ~ &  
Cat (4) 
1 7 , 1 9 8 , 8 4 8  
1 . 6 1 2 . 3 9 i  
12@,472  
2 , 1 5 7 , 3 4 9  
An,310 
4 0 , 3 1 0  
s u b a i d m i -  314.32 
(3I"mah- 
m e  (3) 
1 9 . i o o . e o n  
L.799.70; 
253 ,601  
2 ,506 ,980  
44 ,760  
4 7  
tn,:lod.d la 
~ U t e r i m l  
h j o r  07 
Corporunt 
3 3 , 9 7 2 , 5 0 6  
1 3 , 9 7 2 , 5 0 0  
- 
- 
- 
- 
w t  
Wu3ac 
114. 
314.1 
3 
314.3 
314.31 
I 
Cam+. 
o f  P lmC 
2 6 . r ~ 4 0 . 4 0 ~  
127 .000  
3 , 0 9 0 , 8 0 0  
6 , 3 6 2 , 7 0 0  
9 5 2 , 5 0 0  
952.500 
&aant /SuMlr i rL& 
Ident. 
Wfs1.[2! 
- 
2.0, 
r i p . ,  5  
~ a b t e  24 
3.4. 
I- 1 
- 
- 
3.2, 
I-7 
5.4 
T l t l w  
S m  NRBlnf - 
G P - T P A X R  WlO 
A U X I L I A P l T S  
S t e m  ' h r b i n a  and 
A r u l l l a r l e s  
D . u r i p t l & . c i f l u t i a  
T o t a l  Account 314. 
TO-1 sa iv imim 314.1 
869 W. guumtd pLMratOr 
I output ,  U n d a c o m p o d  4 f  1- t u l b l n e v 1 t J ~ 3 . 5 i n  l u t * + a r l e  bu-krr, 7 . 3 -  Rg I b S .  3500 p s i e l  
. .-.I.-= a ~ \ n i l i ~ h s  
-- 
~ c c u ~ a ~ i ~ w ~ u c ~ y . t a  
nmps. Val*... P ip ing  
ud stnrctur. 
~ 1 r c u l a t ; n p  w a t m r p r r p .  
mdmtotm ( J  @ 5 2 9 e , 4 5 0  
C l r w l a t l n q  Watsr 
vaiwm, pipi-  L 
mtcuctur. 
~ I J ; . "  y t t ~ r ~ c t ~ e  arenu, 
1 0 0 ~ ~ ~  1 6 7 5prlr  r e h u t  mttm 
3.5 percent cootlnuou* 
e x t r a c t i o n  Coc m t a d  9. re' 
h e a C e r c i U ~ . 3 9 2 ~ A q e n * r a t o r  
@ 75 ps lq  hydr-sn premsU*r 
0.9 p t .  nydroqen, lube  011 
md meal 011 symtear. S U P -  
e , r o t t l e  va lves ,  cross-over 
p l p h q ,  insulatloff m t o r s  
f u r  a r u l  l l a r l e s  
T O U ~  SuMivis lon  314.2 
S h e l l s ,  tuks, LLr ejeCtOfS 
a t  1 . 3  In. Hq (&..)a 
,.97 10) ~ p . f t .  o f  h e a t  
t r m m f e r  u e a ,  4 . 6 7 ~ 1 0 ~  PPh 
m t a l  SuMlvLsion 314.3 
mt.1 Subdivision 413.31 
9 5 , ~ ~ .  2500 hp. '5 
me.Ch 
- - - 
B 
"l c c m' n .r o I ; :  . n n o "l w  o - t- 
"l 0 L c n a o * 
. . 
N 
n n a n o n 
- d, N m n n h m 
4 4 1- 10 m C1 PI * m 
. -  . . 
0 
N *  S C Q 0 T e @ 
CI w w a 
- 
a n 
" 
- n c. t. n F d  : :, 4 (r 0, a .. P r( 
n 2 I; r* m - n 
Jj r : .-, ? .: Y* m * C n * 4 o n N I- b. o c - n n J a  .: 0 n w  c o n c n . . N - m - - a m  a N 
-: f 2 - z  n .. n " 5 2 n F3 n gz .- C 0 : "  
:i g - 6 ;  C r* 
.. 3 s :  
, jC ? N - 2 2 ;  n  ". - 
5 s 3 -  2 2 n a e o n 5 1 0 ,  m w m  n m "l rn 
f u  n m c c ? ?  0 n - 
. . 3 2 z w a Q d m -  m n n Y 0 0 QI q Q  Y) N  
n r. N N N 01 3 < 4 . . 
4 rl p??  4 - 4  n  o U 0 
,-. 
- ~7 0 0 C 0 2 <- c Q C 
a C 0 0 
P 
.U ., e 3 0 N n n w  0 o h n 
- .  
w 
3:; :. ' .c rn n c w  n w 4 .- o ." 
Bi; : x n 9 Q h .. C m 4 - .-l w * - . . m 
- 
. . 
"- o r. w w m v, 4 4 
4 .  
4 
* , U  
3;;: 
I I I I I 
. . 
' 3  . i 
Y : - t d ; .  , . c  - 5  
a n  2.5 5 "  i s  n 
U "  * 
4 8_X"u-l .g .-.)-: " - 2  t F p   d r( 
a t vP. .  7; z f n : ? * ; ~ ~ ~ .  4 
4 - I? s u z g ; z  m ~ ~ C ~ ~ - Q ~ ~  A z I  Y d  U ; -s . o m - . , .  O m ' *  I 8 O  m 
Y * - . . P > O  0 Zo.) 3 j l  U d  
5 3 2: z :  a h . < &  : :z.i,2 i T  L) u L, a 2 l u  I r,. S,, .I > . 
- 5  @ Y O U u  m > : - . , * 5 u : ; z u  4 Y .  - 8 -:;j 
-.>*.I .I . 
a I> 
4 a;? = ;u- c w  k u  a . )  .- g g 3 :: 5;:9ai :B-  
4 ; - 2  :: g,,;,uR ! i : : z 5 : i P  e: i i G z g ~  1 II) C O C . 7  0 -  
, - n 4 * . * 1 ' . p U ~  - * ~ - n  u u  
- C " c 3 ~ ; 0 9 ~  ? t !  4:: s m * . c -  6 : 6 5  4;53:35i;  ..-. I a, - L Z :  - b. g a; u u u . . n  n z s - r r - r :  ; .,. 2:-2 ~PBEH ' 
5 '  
S 
8 
9 i i 8 
., m 8' 3 d 1 u p  : :: 2 U "  I L , O  a T f - 5? t g  b i g U , ,  5:: 4 U  m 5: . 3:: :: O ¶ 
-.c l s  , P "G 8 f Z P  4 . 
r. L I Y  4,:  e U Y  u H U Y L )  
i b g  d ii 8 5  E II g H 5z !l 'I - !l
Cl Y) a 8 0 .I 
- 
n c;: iltta ..I a it .-, I .  a rn r) CI 7 n F. - L  n L  i L Y o e 0 '. e 
i l j  5 d n n t - w w 7 7 1 j i  a d n n :: f n n I 
TABLE XI. - (Continued) 
*See page 86 for explanation of footnotes 
TABLE XI. - I C o n t i n u e d )  
*See page 86 for explanation of footnotes 
TABLE XI. - (Concluded) 
- tcA. 
nu hpo- L c c a n t / ' S u b d l r i ~ ~ ~  M u r i a l  comtm 
k c o r n t  I d r n t .  mjor ( 3) ma lancm ( 1) !narrl lar ion Xndimct C a w  
-, - & go[.). 12) Tl t l e  0.scrlptlon/Sp.clf lutlon Component of Y l r n t  Comt (3) Cow 14) r l l m m ( 5 )  
-1 
350. 
coa t  
- F t S S I O N  P W  mt.1 - A C C O F ~  330. - 2 , 3 2 3 , 0 0 0  54.050 48,668 485.144 z.310.ec2 
3 . 1  5.5 I-zL!!?~'-g-f !Fr--nts - - - Inc uded In  Subdiris lon 311 3 5.1.S.1 
3SO.Z 4.I.C-1.2 - In  Transfo~re TOUI Subdlvimion 350.1 - 2,3i1.000 
460 UVh, FOA, 65oC. 24/5OO kV 5 4 .  3 5 0  48.468 495.1dC 1.910.862 
350.1 4.1 Sultchyard - - I - 
7at.l of Direct Ac-t~ 110. to 350. 
I WE Services L Tee @ l a p  
-49,730.656 
crnt  .L U c .  of PI-t  i 'uaterir lm, ~ o m t a ~ ~ a t ~ o m  6 
i tndf recr  comrm (Y! 
p1.ntC.pLt.l c o s t  ----------------------------,.-----,,,----,-,------.--,,-------.-------- 
I Lscalat lon L 1nterc.t- ------------------------------------ .,------. ----------- 
.zsa, 697.03 J 
rmautb  ?l 54.8 -nt (5.3 1 
y ~ .  r m m t r .  per. 6.7 percent 
.-lath r e .  1 C  percent 
interemt rmtc) I)O) 
t o t a l  P lmt  Capltal Comt tn 
Jan. 19@4 Dallarm ---------.----------.---------------------.--.,,,,.--.---.---.------.--------------..----- - .  - -.------ 758,991,on 
Total ?l&,,t c.pit.1 C0.C ----------------------- --------- ---------- .-,- ,-, ---. -, ,,-- - 
Ire-cmca!mced r o  m¶d-l978(1l) 5 ~ 6 , ~ . t T o  
A 
*See pages 86 and 87 for explanation of footnotes 
NOTES TO TABLE X I  
(1) Based o n  ECAS r e p o r t  t a b l e s  27 and  28 (Ref.  7 ) .  
( 2 )  I d e n t i f i c a t i o n  numbers c o n s i s t i n g  of le t te rs  and  n u m e r a l s  r e f e r  
t o  t a b l e  27 o f  t h e  ECAS r e p o r t ,  r e p r o d u c e d  i n  Appendix C, p a g e s  
188  t o  1 9 1 ,  f o r  r e f e r e n c e .  I d e n t i f i c a t i o n  numbers c o n s i s t i n g  
of  n u m e r a l s  o n l y  r e f e r  t o  t a b l e  28 of  t h e  ECAS r e p o r t ,  r e p r o -  
d u c e d  i n  Appendix C, p a g e s  192  to 1 9 8 ,  f o r  r e f e r e n c e .  R e f e r -  
e n c e s  t o  o t h e r  ECAS r e p o r t  t a b l e s  are a s  i n d i c a t e d .  
( 3 )  E s c a l a t e d  f rom t h e  mid-1975 v a l u e  l i s t e d  i n  t a b l e  X X X I I I  u s i n g  
t h e  a c c o u n t  s p e c i f i c  e s c a l a t i o n  f a c t o r  l i s t e d  i n  t a b l e  XXV. 
( 4 )  S e e  Note  3. 
( 5 )  Rased on t h e  20 p e r c e n t  c o n t i n g e n c y  rate i n c l u d e d  i n  t h e  ECAS 
r c p o r t  (Ref.  7 ,  page  4 4 ) .  
( G )  The c o s t s  of  t h e  b u i l u i n g s ,  s t r u c t u r e s  and  e x c a v a t i o n s  l i s t e d  
ir.  Accounts  311.3, 311.4,  311.6, 311.7 ,  311.9 a n d  312.1 are 
c a l c u l a t e d  u s i n g  t h e  estimated p e r c e n t a g e s  o f  t h e  sum of  t h e  
c o s t s  o f  Items 5 . 1 ,  5.2 and  5.3 of Ref.  7 ,  t a b l e  2 8 ,  l i s t e d  i n  
Appendix C,  p a g e  1 9 9 ,  t a b l e  X X X ,  e s c a l a t e d  t o  mid-1978 d o l l a r s  
u s i n g  t h e  a c c o u n t  s p e c i f i c  e s c a l a t i o n  f a c t o r s  f o r  Accounts  311. 
and 312. ,  where  a p p r o p r i a t e ,  l i s t e d  i n  t a b l e  XXV. 
( 7 )  The s e p a r a t e  b a l a n c e - o f - p l a n t  m a t e r i a l s  c o s t s  f o r  t h e  f e e d w a t e r  
b o o s t e r  ( 2 )  and main f e e d w a t e r  ( 3 )  pumps a r e  e s t i m a t e d  f rom t h e  
combined b a l a n c e - o f - p l a n t  m a t e r i a l s  cost of  t h e s e  f i v e  pumps 
( $ 3 , 2 2 0 , 0 0 0 ) ,  l i s t e d  i n  Ref .  7 ,  t a b l e  28 ,  as  f o l l o w s :  The com- 
b i n e d  equ ipment  c o s t  o f  t h e  pumps $3,070,000 ( ( 2 ) x  ($125,000)  
+ ( 3 ) x ( S 9 4 0 , 0 0 0 ) )  i s  s u b t r a c t e d  from t h e  combined b a l a n e e - o f -  
p l a n t  m a t e r i a l s  c o s t  and t h e  r e m a i n d e r  ($150 ,000)  d i v i d e d  by 
t h e  t o t a l  horsepower  o f  t h e  f i v e  pumps (45,500 h p )  r e s u l t i n g  i n  
$3.30/hp.  T h i s  c o s t  p e r  horsepower  i s  t h e n  m u l t i p l i e d  by t h e  
horsepower  o f  t h e  two f e e d w a t e r  b o o s t e r  pumlss, f o r  example ,  t o  
g i v e  $25,410 (7700 hp x S'.30/hp) and t h e  equ ipment  cost o f  t h e  
two Pumps, $250,000,  added t o  t h e  p r o d u c t  t o  g i v e  $275,410.  T h i s  
8 6 
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f i g u r e  is t h e n  e s c a l a t e d  t o  mid-1978 d o l l a r s  ($341,500)  u s i n g  
t h e  1 .24 f a c t o r  fo r  FERC Account  312. l i s t e d  i n  t a b l e  XXV. 
S i m i l a r l y  t h e  c o s t  o f  t h e  main  f e e d w a t e r  pumps is e s t i m a t e d  as 
$2,944,740 ( i .e . ,  ( $ 3 . 3 0 / h p ) x ( 3 8 , 7 0 0  h p )  + 3 ( $ 9 4 0 , 0 0 0 ) ) ,  which 
i s  e s c a l a t e d  t o  $3,651,500.  
(8 )  The s e p a r a t e  b a l a n c e - o f - p l a n t  materials costs  f o r  t h e  s t a c k  gas 
r e h e a t  s y s t e m  f o r c e d  d r a f t  f a n s  a n d  r e h e a t  a i r  h e a t e r s  are est i -  
mated f rom t h e  combined $900,000 b a l a n c e - o f - p l a n t  m a t e r i a l s  cost 
l i s t e d  i n  Ref. 7 ,  t a b l e  28,  as f o l l c w s :  The combined equ ipment  
c o s t  o f  t h e  f a n s  and  h e a t e r s ,  $810,000 ( 6  x  $85,000 + 6 x  $ 5 0 , 0 0 0 ) ,  
i s  s u b t r a c t e d  f rom t h e  combined b a l a n c e - o f - p l a n t  materials cost. 
The r e m a i n d e r ,  $90 ,000 ,  is  d i v i d e d  e q u a l l y  be tween  t h e  f a n s  and 
h e a t e r s ,  and  o n e  $45,000 p a r t  is  added  t o  t h e  equ ipment  c o s t  o f  
t h e  f a n s  and  t h e  o t h e r  t o  t h e  equ ipment  cost of t h e  h e a t e r s  t o  
g i v e  $555,000 and  $345,000 f o r  t h e  r e s p e c t i v e  b a l a n c e - o f - p l a n t  
m a t e r i a l s  costs o f  e a c h .  These  v a l u e s  are e s c a l a t e d  t o  mid-1978 
d o l l a r s  ($688,200 and  $427,800,  r e s p e c t i v e l y )  u s i n g  t h e  1.24 
f a c t o r  f o r  FERC Account  312. l i s t e d  i n  t a b l e  XXV. 
( 9 )  I n c l u d e s  t h e  20 p e r c e n t  c o n t i n g e n c y  i n  Note 5  a p p l i e d  t o  t h e  1 5  
p e r c e n t  A/E s e r v i c e s  and  f e e  ra te  employed i n  t h e  ECAS r e p o r t  
(Ref .  7 ,  page  44) t o  a c c o u n t  f o r  t h e  change  i n  t h e , o r d e r  o f  
a p p l y i n g  t h e  c o n t i n g e n c y  and A/E s e r v i c e s  and  f e e  r a t e s  i n  t h i s  
s t u d y  compared t o  t h e  ECAS s t u d y .  
( 1 0 )  Based on t h e  g u i d e l i n e s  s p e c i f i e d  by NASA f o r  t h e  ECAS s t u d y  
(Ref .  4 ) .  
(11) The sum o f  t h e  P l a n t  C a p i t a l  C o s t  and E s c a l a t i o n  and  I n t e r e s t  
Dur ing C o n s t r u c t i o n  d i v j  ded by (1 .065)  5 g 5  t o  d e - e s c a l a t e  t h e  
T o t a l  P l a n t  C a p i t a l  C o s t  i n  J a n .  1984 a t  t h e  c o m p l e t i o n  of  t h e  
5.5 y e a r  c o n s t r u c t i o n  p e r i o d  t o  mid-1978. 
TABLE XII. - MODIFIED REFERENCE COMrENTIONAL FURNACE 
COAL-FIRED POWER TLANT WITH WET SO2 SCRUBBER 
CAPITAL COST ESTIMATE DETAILS AS OF MID-1978 
( 2 5 0 °  F Stack Gas Reheat Temperature (1)) 
(Mid-1978 Dol lars )  
*See page 100  f o r  explanat ion of footnotes  
I 
Tota l  
C.. . 
4!.94!.6:: 
:-.?:-.;?? 
2.7lc.172 
2i5. i l7  
1.869.!?1 
2.451.5?5 
2.-F?.176 
e . 4 e 1 . 4 ~  
- 
- 
19.817.3'0 
- 
- 
htlngrscl 
7.?07.643 
l.i71.?35 
4 5 1 . 2  
17.503 
3 l l . 5 5 5  
4CCl.589 
0 . 2  
1.413.576 
- 
- 
3.463,ICO 
- 
- 
I 
T n d l r u t  
Cost (4) 
i n  St* 
, 7 7 5  
3.178.556 
1.Q51.734 
61.364 
3 3 1 . 3 4 5  
638.1W 
1.0b7.m 
2.011.440 
- 
- 
4,936,940 
- 
- 
Inmtal lacloa 
Cost 131 
W t  Includet 
12,374.-.'? 
3 . 5 )  .;:- 
1.18'.417 
68.159 
368.010 
700,750 
1.19?,440 
2,234.150 
- 
- 
5,483.320 
- 
- 
I 
TtU 
Account 
Ir-q>rr 
- 
310. 
311. 
311.1 
311.11 
311.12 
311.13 
Yll.lb 
b t e r l a l  
M J o r  
Component 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
I Emrthvork. pond I lnls#.  o f f -  311.15 7.5 u a t e r  T r e a t m t  road. 
mite p lpo l lne  
~ l n  Curb lnr -Ctncra to r l  311.3 Total suWivis lon  311.3 
ExcaratLon, eubstructufc. do- 
va tc r lng  and p i l ing .  lncludim8 
excavation and ntbs t ruc tom 
f o r  t rnnsaismlm plant  n l t c h -  
t a r d  
311.32 1.2  Bullding StNctUr. and a . ~ i c R n  
3 l i . 4  
Excavatlm, ~ b s t r u c t u r e .  de- 
ua tc r lng  and p l l l n g  
Enclosure atmcturm and nor- 
r i c o a  
tC*S 
Rrport 
leent .  
S o l * ) .  I ? )  
7.0 
7.1 
7.2 
7.3 
7.' 
r.3 1 Contr 
Bml.nce 
of Plant 
3 . :  
, 6 4 2  
l!,h?3 
5R. ~ 0 0  
858.400 
696.000 
23.297 
2,822,283 
- 
6,927.520 
- 
T ~ ? I .  
UXJ A\3 FICXTS 
r;rV.y--VIS A\? z m t m v E h ~ S  
161 
I?pravmotm t o  Z e  
s i t e  Prcparmtlon and 
! - ? r o v e l t  a 
S l t*  C t l l l t l e *  
 omd dm mnd Rallrondm 
yard m d  t lmt t l r e  
h o t c c t l o s .  Icncea a d  
~ o e r t p t 1 o n ~ S p c c t f l c a t ~ a n  
- - - 
Total  Account 311. 
Total  Subdtvinlan 311.1 
so11 rest ing.  c:emrlng mnd 
grubbing. rough grading, f ln lnh  
grading, lm?dsc*ping 
S t o r r  and a a n l t a q  a m - ,  rial- 
praccma s r rv lce  water 
Pallroad mpur. road*. vmlk* mnd 
pa. .q .-rear 
- - -  
TABLE XII. - (Continued) 
I CCAS h t e r l a l  Coat# C ' '  
m e  I c m r t  Aceoat/L~lrisim 
lU J a r  Bolmc. 
ritl* Dcmcrtpt l a l S p . c l f l c a t l a n  coqm-cnr of  Plant  
311.6 Prtntenancm. Scwlca, Total  Subdlvlmlcm 311.6 
F a r e h m ~ r  and 0 1 1 1 ~ 2  
E ~ i l d l n ~  fce rv lcc  
- 
? . : I I C ~  
I t r c a v a t l a .  N ~ ~ C N C ~ U R .  d w o r e r l n g  and p l l t a g  
1.2 1 Bulldtng Stmcturm m d  - - 
1 * e w i c c r  5.1.1.3 Other Bulldinrp Total Subdir l r lon 311.7 255.163 tacmvatlm and s t r u c t u r e  f a  u h c u p  v a r c r  Intake 1 3 7  Crmca n l a t ~  1 Tota l  Subdlvtalm 311.8 I - I475.6OU 
I Crane w 4 a c c e a ~ o r i c s  i n  turSlnr h a l l  I I 
S. l . s .2  h - e t t c  'L'aate h e a t m t  To ta l  Subdlr lalos  311.9 - I 6).B00 c - c l u d l n ~  Uat r r  Treat-  -?:) .uf id!-& E ? c e v a t I o n . ~ ~ t r u c t u r e  bul ldln8 s t ruc tu re  and ae r r i coa ;  
Ifme, a;,r, 1c7 C X C L e n q e  
rcmln. acld.  catratic and 
chlortn+ storage tanks; roa8rnt  
w t r r l n g  and feeding p u p a ;  
mlrcra; c l a r l f l r r a  
*See page 100 for explanation of footnotes 




TABLE XII. - (Continued) 
E U S  
I Fz?: re?ost nceo- ~Clsterral ~ortm r3 )  m a  Inatallation Indirect Canting-neY *t.l 
I X - Z :  ~ 7 t  IdClt. 
. 
~ascription/Sp.cification Component of Plant Cost ( 3 ,  Cost(4) \llouancr(S) Cost r --,er YOIS) .I21 Title ----- -
C -. 
, :.2.f? "3.6. ' Chiuqey Total Subdivision 312.72 - l,.,JC.AOO 1,656.4iO 1.46L.47' 1 .  6 ,~1J,1)15 
F- 16 
Concrete stack 
and liner; liqhts and 
marker paintlnqi holsts 
and platfoms: stack 
founCarron 40 It. I .D., 
500 It. hiqk 
312.73 - Stack C88RahmatSystam Total SuMivision 312.73 - 3.811.60'~ 393,390 354,219 9!5,842 5,495,051 
3.14. Foread draft f m s  for Operating: 545,000 chr - 1,618,200 189.410 17G.550 195,632 2.371.792 
F - U  re5e8ter air (6 ragd. C C 80° ?, Total 3 .P .  
C,l;?,OOS ea.) 3.5 in. w.q. 
Test block: 654,000 cfn 
P 1550 ?, total S.P. 
I 4.55 in. w.q. Mtorr 650 hp 
3.14, stack 9. reheat air 4.5 ft. high, 21.5 It. - 2,213,400 203,980 1133.669 520,210 1,121,259 
1-13 hratmrs (6 "qd. wide x 37.5 It. long each 
: 5 3 4 7 . 2 3 0  ea.) 
- flue Gas Casulfurization Tutal Subdivision 312.8 - 28,800,900 7,867,890 7,084,168 B,750943C 51~5C1.602 
S':stc3 
- 
- FZD ;Dq.~ipnent Total Subdivision 312.01 - 
24,030,000 5,245,200 4,722,912 6,793,622 40.7610734 
.I5* Ket 1 incotone SO2 s+ru!!bcrs Complete 502 - 10,5LO,W)(r 1.253.020 1,128,251 2.588.255 15 ,5?~ ,F25  
@?ray tower absorber) (6 scrubbar vessels with pro- 
(:?) I rc.T<. : 11.500.329 3 . 1  saturator and mist eliminatot 
systerrs. l:oninally 60 It. 
high x 40 fc. wide x18ft. 
long. 316L stainless 
steel, neoprene lined. 3 
stays, 450.000 aclm @ 
31Z0 ? each 
3.13 Scrubber ductwrk Flue ?as duct - 4,054,800 3,015,990 2,715,674 1,957,293 11,743,757 
outboard of electro- 
static precipitmtor#, 
duct lininq, duct 
insulation, damporm 
expansion joints 
- -- - -  -- 
*See pages 100 and 101 for explanation of footnotes 

TABLE XII. - (Continued) 
f 
r c c o w ~ t / S ~ ~ i v l s i a r  m t e r i a l  costs (3) I *.>or 8alancs nstall.tion Ind i rec t  -ti* -1 
Dc~criptlon/~p.ciflcati~)n I Cor;ror.ent of  P lan t  (3) Cwf (4) A l l w . n ~ 8 ( 5  Cost 
STAY T-..I~BI!R - ! r o t a 1  Account 314. ij.52O.59C 24.R41.2t ' J  18.7?2,505 it.903.143 1 18,73?.35C, 112,2L1.337 
5C;TPA7,9  X:3 
T o U l  Subdivinion 314.1 31,GZC,rJO" 127.tf0f.l 1,709.70C 1,612,392 7.310.N8 43,860,116 
! 
I 
I ' 8 2 3  me parantcod generator  
ourput; trr.uemc,,~+ss.d 4 I:- 
tur-rnc d ~ t t  > I . ,  An. i a 5 t  Sb.a7e 
t;cke'.s; 2 .3"  ?7 &s IjSI) 
psiq/lCKtO t t L r o t t l e  Itram, 
i335O F / b B  ps! rechcat steam. 
15.4 percent c m t i ~ u w s  
ex t rac t ion  f 3 r  s tack 9. re- 
hear : e x c .  ccr  '332 :".'A qsnsrator  
@ 75 p s i 9  hydrogen pressure;  
0.9 pf .  Hydroqan. lub. 01: 
and s e a l  o i l  S y S t M ,  Stop- 
t h r o t t l e  valves.  cross-over 
prprnc,  1nsuiaL:sn motors l o r  
a a x l l i a r i e s .  
1 . 2  3.4, - ~ W I  s A W I I ~ U ~ U  r o t a 1  suWivi.lon 314.2 - 2,692,400 -30.760 214,906 619.229 3,775,3% 
r-1 
S h e l l s ,  t a s .  a i r  e j e c t o r s  
a t  . . ?  in .  'r7 iabs.) ,  
3-11 x loS %g.ft.  of hea t  
t r ans fe r  area.  3 .93xlo6 P P ~  
- c t r c u l a t i n g ~ a t e r ~ y s ~ .  m e a l  subdivis ion 314.3 314.3 - 5.473.700 2,163,763 1.948.307 1,917,154 ll.M2,923 
~11.31 - hrp.. V a l m .  Piping mu1 subd iv i s ian  413.31 - 889,000 44,760 40.310 194.815 1.16S.093 
and S C N c t W  
3.2, Cireula'tinq "ator p\rp. B2.000 -0 2150 hp* 75ft. - 889.000 44,768 40,310 194,815 1,160,093 
r-7 and mcorn 0 S273.L'JO! fJn 
5.4 Circular inq w a u l  - - - 1nc:lud.d i n  SubdlViSi~II 314.32 
VarVCS, piping 6 
s t r u c t u r e  
mt.1 suWiris ion314.32 314.32 - Coolinq T-r, - 4,504,700 2,11(1.995 1,907,997 1,722,331 10,334,031 
M & m i c 8 l  Era?% tomrm 3.11. T o w r  S t ruc tu re  
- 2,832,100 775.970 698,703 861.35 5,169,128 
with f m S  ~d - t o l l  
I 
f-- 0 (20 eel?.) 
- 1,151,650 1,343,025 1,209*29b 860,9?: 5,165.903 
I 5.4. rover basrn circu-  ~ ~ r c . ~ ? a t i n g  water p?rrp pads. r i s e r  and concrete rnvelope f ~ : p l p ~ ;  c ~ l r n q ~ o e r b a s i n t  
c r rc~ ia - . r r .q  r a - e r  r.&w I I .D.* 
1 ::4 , , : . I  b . ,d l> t  -,: I P ~  . c .  sS.eel 
i 
6 fir,- r.rn'.-,':on. 245.390 9,- 
*See page 100 for explanation of footnotes 
1 

-- 
'If 
Q, 
z* 
L: 
- 4 
1' 

NOTES TO TABLE XI1 I 
( 3 )  Based on ECAS r e p o r t  t a b l e s  15 and 16 (Ref. 7 ) .  
( 2 )  I d e n t i f i c a t i o n  numbers c o n s i s t i n g  of letters and numerals r e f e r  
t o  t a b l e  15 of t h e  ECAS r e p o r t ,  reproduced i n  Appendix C, pages 
b 
178 t o  180, f o r  r e fe rence .  I d e n t i f i c a t i o n  numbers c o n s i s t i n g  
' , of numerals only  r e f e r  t o  t a b l e  16 of  t h e  ECAS r e p o r t ,  repro-  i duced i n  Appendix C pages 181 t o  187, f o r  r e f e r e n c e .  References 
t o  o t h e r  ECAS r e p o r t  t a b l e s  a r e  as i n d i c a t e d .  The letter (M) 
I fo l lowing an  i d e n t i f i c a t i o n  number(s) i n d i c a t e s  t h a t  t h e  des- 
I c r i p t i o n / s p e c i f i c a t i o n  of  t h e  i t e m  i n  t h a t  s u b d i v i s i o n  i s  modi- 
I fied r e l a t i v e  t o  t h a t  i n  t h e  ECAS r e f e r e n c e  p l a n t  (see also  
I t a b l e  V) . 
I ( 3 )  Esca la ted  from t h e  mid-1975 v a l u e  l i s t e d  i n  t a b l e  X X X I I  u s ing  
I 
I t h e  account  s p e c i f i c  e s c a l a t i o n  f a c t o r  l i s t e d  i n  t a b l e  XXV except  
I f o r  t h e  major component and ba lance-of-p lant  costs i n  FERC Account 
Subdivis ions  312.7 and 312.8, which were determined from a manu- 
f a c t . u r e r ' s  v e r b a l  budget c o s t  estimate. 
I 
I ( 4 )  Snc Note 3. 
I ( 5 1  lased on t h e  20 p e r c e n t  cont inqency r a t e  inc luded i n  t h e  ECAS 
I 
;:51port (Ref. 7 ,  page 4 4 )  . 
The c o s t s  of  the b u i l d i n g s ,  s t r u c t u r e s  and excava t ions  l i s t e d  i n  
Accounts 311.3, 311.4, 311.6, 311.7, 311.9 and 312.1 a r e  c a l -  
c u l a t e d  us ing  t h e  e s t i m a t e d  pe rcen tages  of  t h e  sum of  t h e  c o s t s  
of Items 5.1, 5.2 and 5 .3  of  Ref. 7 ,  t a b l e  16 l i s t e d  i n  Appendix 
C ,  page 199,  t a b l e  X X X ,  e s c a l a t e d  t o  mid-1978 d c l l a r s  us ing  t h e  
account s p e c i f i c  f a c t o r s  f o r  Accounts 311. and 312., where appro- 
p r i a t e ,  l i s t e d  i n  t a b l e  XXV. Note t h a t  t h e  same t a b l e  a p p l i e s  t o  
both t h e  250° and 175O F (394" and 353' K) r e h e a t  cases .  
!7) The s e p a r a t e  balance-of-plant  materials c o s t s  f o r  t h e  feedwater  
b c ~ s t e r  ( 2 )  and main feedwater  (3 )  pumps a r e  e s t ima ted  from t h e  
combined ba lance-of-p lant  m a t e r i a l s  c o s t  of t h e s e  f i v e  pumps 
($3,220,000),  l i s t e d  i n  Ref. 7 ,  t a b l e  16,  as fo l lows:  The com- 
b i n e d  equipment cest of the pumps $3,070,000 ( ( 2 )  ($125,000) 
+ ( 3 )  ($940,000) 1 i s  s u b t r a c t e d  from t h e  combined balance-of-plant  
NOTES TO TABLE X I 1  (Concluded) 
materials cost and t h e  remainder  ($150,000) d i v i d e d  by t h e  t o t a l  
horsepower of  t h e  f i v e  pumps (45,500 hp)  r e s u l t i n g  i n  $3,30/hp. 
T h i s  cost p e r  horsepower i s  t h e n  m u l t i p l i e d  by t h e  horsepower o f  
t h e  t w o  f eedwa te r  b o o s t e r  pumps, for example,  to  g i v e  $25,410 
(7700 hp x 83.30/hp) and t h e  equipment comt o f  t h e  two pump8, 
I $250,000, added t o  t h e  p roduc t  t o  g i v e  $275,410. T h i s  f i g u r e  is 
t h e n  e s c a l a t e d  to  mid-1978 d o l l a r s  ($341,500) u s i n g  t h e  1.24 f a c t o r  
f o r  FERC Account 312. l i s t e d  i n  t a b l e  XXV. S i m i l a r l y  t h e  cost of  
t h e  main f eedwa te r  pumps i s  e s t i m a t e d  as  $2,944,740 (i.e., ($3.30/hp) 
x (38,700 hp) + 3($940 ,000) ) ,  which i s  e s c a l a t e d  to  $3,651,500. 
(8)  The s e p a r a t e  ba l ance -o f -p l an t  materials costs f o r  t h e  s t a c k  g a s  
r e h e a t  sys tem f o r c e d  d r a f t  f a n s  and r e h e a t  a i r  h e a t e r s  are esti- 
mated from t h e  combined $3,090,000 ba lance-of -p lan t  m a t e r i a l s  cost 
l i s t e d  i n  Ref. 7 ,  t a b l e  1 6 ,  a s  fo l lows :  The combined equipment 
cost o f  t h e  f a n s  and h e a t e r s ,  $2,880,000 (6x$200,000 + 6xS280,000), 
is s u b t r a c t e d  from t h e  combined ba l ance -o f -p l an t  m a t e r i a l s  cost. 
The remainder ,  $210,000, i s  d i v i d e d  e q u a l l y  between t h e  f a n s  and 
h e a t e r s ,  and one $105,000 p a r t  i s  added t o  t h e  equipment cost of 
t h e  f a n s  and t h e  o t h e r  to  t h e  equipment cost of t h e  h e a t e r s  t o  g i v e  
$1,305#000 and $1,785,000 f o r  t h e  r e s p e c t i v e  ba lance-of -p lan t  
m a t e r i a l s  costs cf each .  These v a l u e s  are e s c a l a t e d  t o  mid-1978 
d o l l a r s  ($1,618,200 and $2,213,400, r e s p e c t i v e l y )  u s i n g  t h e  1.24 
f a c t o r  f o r  FERC Account 312. l i s t e d  i n  table XXV. 
( 9 )  I n c l u d e s  t h e  20 p e r c e n t  cont ingency  i n  Note 5 a p p l i e d  t o  t h e  1 5  
p e r c e n t  A/E s e r v i c e s  and f e e  r a t e  employed i n  t h e  ECAS r e p o r t  
(Ref. 7 ,  page 44) t o  accoun t  f o r  t h e  change i n  t h e  o r d e r  of  apply- 
1 i n g  t h e  cont ingency  and A/E s e r v i c e s  and f e e  r a t e s  i n  t h i s  s t u d y  
I compared t o  t h e  ECAS s tudy .  
I 
(10)  Based on t h e  g u i d e l i n e s  s p e c i f i e d  by NASA f o r  t h e  ECAS s tudy  (Ref. 41. 
(11) The sum of t h e  P l a n t  C a p i t a l  C o s t  and E s c a l a t i o n  and I n t e r e s t  During 
C o n s t r u c t i o n  d i v i d e d  by (1.065) 5 * 5  to d e - e s c a l a t e  t h e  T o t a l  P l a n t  
C a p i t a l  Cos t  i n  Jan.  1904 a t  t h e  comple t ion  of t h e  5.5 y e a r  con- 
I 
I s t r u c t i o n  p e r i o d  t o  mid-1978. 
TABLE XIII. - MODIFIED REFERENCE CONVENTIONAL FURNACE 
COAL-FIRED POWER PLANT WITH WET SO2 SCRUBBER 
CAPITAL COST ESTIMATE DETAILS AS OF MID-1978 
(1750 F Stack Gas Reheat Temperature (1)) 
(Mid-1978 Dollars) 
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*See page 116 for explanation of footnotes 




TABLE XIII. - (Continued) 
rW 9 
Lccolmt~subdlv1slor ,  (3 - &por t  H a t e r i a l  costs 
'ccovlt IEent. )(.jot Balance I n s t a l l a t i o n  Xndl rec t  D n t 1 n p . q  mu1 
2- r  -- - , S ~ J ~ ) ~ ( Z )  ~it10 ~ser~ptlon/Speeific.tlon -nant Y - - -  of p l a n t  Cost  (3) &st (4)  i l l w ~ m ( 5 )  -st I 312.3 , A\ui l l a ry  B o i l e r  System Optional  (no t  included)  312.6 - =Boiler P l a n t  Systrmr m t a l  Subdivis ion 312.6 fl,742,200 349.680 314,861 1,881,349 11,2Ra,O89 312.61 , Condrnrate and Feedwater To ta l  Subdivis ion 112.61 8,742,200 3d9.680 4 ,  1,881,349 11,288,089 system 3.3, Hain condensate  p m p s  L V e r t i c a l  c e n t e r l i n e ,  510. I:0.80[, 72.850 65,596 193.849 l , l t 3 , 0 9 5  
T-4 -Pars ( 2  req:. U 5117,800 gpl, 750 h p  w t o t ,  410 
ea.1 It. TDH (Othar pumps ud 
d r l v e r s n o t  listed elsowhore) 
3.1, , reedwrter  b o o s t e r  p w p s  7,300 (IPI, 3850hp, 1510 f t .  'tul - 341,500 29,145 26,218 79,376 476.251 
r - 5  m d  motors ( 2  reqd.  @ 
S15S.JOI) ea.) 
3.1, W n  bol lmr f e e d p u r p .  4900 q17, 12.6CO hp, 3,651,500 116,560 104.954 774.603 4*646,617 
T-6 '" m d  t u r b i n q  d r i v e s  8300 re. ?DH 
( 3  r e g d . @  +1,16>,600ea.) 
T-2 Bollor  feedwater  p i p i n g  
- Inclur e d  ln lubd iv :  s l o n  314.41 
1.5, reedwater h e a t e r 8  I P l l ~ c e l l a m o ~  h e a t e r e  and 3,918,400 131,130 
- I 118,073 833,521 5.00L.121 T-3 axchacgers c t .nk8 and wnmolm 1 and t h e  l o l l w i n q  lw proasura  (4). i n t a m a d l a t e  p ressure  (1) and deaera t lng  hedwate r  (1) heaterm: 
S h e l l  mbm tLov 68at 
Prass.Fe=p. Press . fhrp.  100 porcmt  t r a n s f e r  a r e a  
ps1.P F p s i a p  f Lbhr .q.lr. 
5/1C3 nvm -LP#1 4 . 7 5 ~ 1 0 ~  17,170 
LP#2 11/195 210/190 4.75x106 16.260 
LP13 20/228 210/223 4.75~106 16.600 
t P l 4  67/300 210/295 4.75xlo6 22,710 
I P  296/416 1040/415 6 . 2 2 ~ 1 0 ~  45,660 
I P  745/510 5700/519 6 . 2 2 ~ 1 0 ~  49,700 
DRI 6 . 2 2 x l 0 6 ~ / h r  @ 353O F 
112. ;2 - Uatmr h e a t m t  S y m t r  - - - Xnc1rd.d I n  Subd .asion 311. b 
I 
312.7 - L f f l u a n r  Cont ro l  Poul #ubdlvislon 312.7 10,000,000 2,926,100 1,855.720 2,571,363 3,670,697 22,024.1W 
A 
+See page 116 for explanation of footnotes 
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TABLE XIII. - (Continued) 
I * 1 P a K a l  C0.t. "! 
I b c : s s t  X + - % .  I pa lor  Calance I n m u l l a t i o n  Xndlrect  CmCi- mtrl 1 7 ~ 2 - r  v q r ~ j .  f z j  -. D.scriprLan/Spcclficaclm n o f  P l a n t   at (3)  ~ l l ~ u ~ e ( 5 1  Caf . I - l e  L. --i - I 
-cup va*er, n- 
sa-..ua'.Isn s l . u r y  water. 
~ 1 s t  e l M r a - . o r  wash, 
a 3 s o r w r  slrrrry e l f  !+r?.nt 
r~r.5. o w r ? l r ,  m n 3  feed,  
? . -  ! ~CL'/II:F rde .C ' .  ..'rZ-.'Jr;C 
mlurrf ,  r e . r l z : n  s l -~ r r f ,  air  
t.carcr cceaa, : ;i:ly, and 
a i r  bea te r  c-cCer.sats r e t u r n  
pip!r.p 
l a rnda t lwm ear th -  
mrk a d  s t r u c t u r e s  p u t i -  
cSa:ar to mcr&!wr q d p -  
mrnt 
U.r?s+oru e n l c i n e r r  65r)tons/ 
d a y ,  &MI (880 Cons/Eay, 
C-slgnl, 12 It. vl& a 4 l f t .  
1Ohg t~aWZl?Wj 91.U. 13ft. 
1.0.  x 1031t. l m q  r o t a r y  
k l l n  w i t h  WIet%-typ  c m l e r ,  
coal  cenveycrr, buccet  e l e v a t  
1r.3 s:QraTe bin ,  coal qr lnd-  
Lnq/Iirir.q e q d m n t ,  con t ra  
p a n e ! / l n s t ~ n ? a ~ l m .  
r e f r a c t o r i e s ,  4 r r ? e s .  Ln- 
d3:ced d r a t t  fan, baqhsuse 
d w t  c d l e c t o r  and eucrl?g, 
k:n s * ~ c k .  l l u  cw:ie'/?r 
b-,clwe e1cra:or. s t o r a g e  
s I l o s  m C  1 t . r  s l & e r  
*See page 116 for explanation of footnotes 
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JTO. - T?A?iWISSIC)c P m  m t a l  ~ c c o c n t  150. - ~ , , . ! , J , J  dr,lr2~ 4 d . 6 . 3  < : 5 . * - .  
150 1 S.I. S t n r c t u e s  %to-nts 
- - - XM .uded i n  SuWirlslon 111 . 3  
S.2.S.J 
0 . 2  4.1.C-1.2 ~ l n T r a n s f o r E  ZoUl S * M l v r s l o n  350.2 - 2. 321.Ci5 ;4 .05~  48.660 485; %4 
I 460 RJA, F-, 6 5 9 .  24/5W kV 150.1 4.3 S r l t c h y a r e  - - - Xnc u3.J I n  Subd i v i s i o n  I U  , 3  
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' e r r b l s .  Ins?al la : ion L 
Ireirect C o s t s  (9) 
p iu=  c.prt.1 C0.t -------.-----------------------------.----,-,,-----,-------.,,,,,,,,,.,------,,,------- 
ttrtrl-q t m ~ ? r ~ c t l b ?  R 54.8 
I 
' * r a : b f f r l  L il(*r**C .------------~-----------------.---------------------,----~---.,--------~-~------ 
I percent  (5 .5  Tr. r a r e r .  per 6 . 5  percent e s c s l ~ t i m  I -a?- .  19 perc r l c  In -c re s t  
r a e - j  '15; 
:or.! P1a . Ca?:*sl r a s t  I n  
:b" lQC: D ~ l b ? % . - - - - - - - - -  .-------------------------------......,.,--- 
.---- __----- - -* . - - - - - - , - - - * - - * - - - . , - - * - - * * - - - - -  
t o t a l  P l a n t  C a p l t a l  cast 
pt--r.c.l.td d ' l - ~ ~ g ~ l  ------------------------------.--------- - - ---.-. . -. . ,-,. --..,..--,,t.,.,,,.----- 
-- - -- 
f o u l  
*See pages 116 and 117 for explanation of footnotes 
NOTES TO TABLE X I 1 1  
(1) Based on ECAS report tables 27 and 28 (Ref. 7). 
(2) Identification numbers consisting of letters and numerals refer 
to table 27 of the ECAS report, reproduced in Appendix C pages 
188 to 191, for reference. Identification numbers consisting of 
numerals only refer to table 28 of the ECAS report, reproduced 
in Appendix C pages 192 to 198, for reference. References to 
other ECAS report tables are as indicated. The letter (M) follow- 
ing an identification number(s) indicates that the description/ 
specification of the item in that subdivision is modified relative 
to that in the ECAS reference plant (see also table V ) .  
( 1 )  Escalated from the mid-1975 value listed in table XXXIII using the 
account specific escalation factor listed in table XXV except for 
the major component and balance-of-plant costs in FERC Accounts 
312.7 and 312.8, which were determined from a manufacturer's verbal 
budget cost estimate. 
(4) See Note 3. 
( 5 )  Based on the 20 percent contingency rate included in the ECAS report 
(Ref. 7, page 44). 
(6) The costs of the buildings, structures and excavations listed in 
Accounts 311.3, 311.4, 311.6, 311.7, 311.9 and 312.1 are calculated 
usinq the estimated percentages of the sum of the costs of Items 
5.1, 5.2 and 5.3 of Ref. 7, table 28 listed in Appendix C, page 199, 
table XXX, escalated to mid-1978 dollars usinq the account specific 
factors for Accounts 311. and 312., where appropriate, listed in 
table XXV. Note that the same table applies to both the 250° and 
175O Y (394O and 353O K) reheat cases. 
(7) The separate balance-of -plant materials costs for the f eedwater 
booster (2) and main feedwater ( 3 )  pumps are estimated from the 
combined balance-of-plant materials cost of these five pumps 
($3,220,000) listed in Ref. 7, table 28, as follows: The combined 
equipment cost of the pumps $3,070,000 ((2) ($125,000) + (3) 
($940,000)) is subtracted from the combined balance-of-plant 
NOTES TO TABLE X I 1 1  (Concluded) 
materials cost and the remainder ($150,000) divided by the total 
horsepower of the five pumps (45,500 hpl resulting in S3.3Olhp. 
This cost per horsepower is then multiplied by ths haroepower of 
the two feedwater booster pumps, for exam>le,  to give $25,410 
(7700 hp x $3.30/hp) and the equipmcmt cost of the two pum,..,, 
$250,000, added to the product to give 3275,410. This figure is 
then escalated to mid-1978 dollars ($341,500) using the 1.24 factor 
for the FERC Account 312. listed in table XXV. Similarly, the cost 
of the mainqfeedwater pumps is estimated as $2,944,740 (i.e., 
I ($3.30/hp) (38,700 hp) + 3($940,000)), which is escalated to 
I $3,651,500. 
I (8) The separate balance-of-p1ar.t materials costs for the stack gas 
I 
I reheat system forced draft fans and reheat air heaters are esti- 
mated from the combined $900,000 balance-of-plant materials cost 
listed in Ref. 7, table 28, as follows: The combined equipment 
I 
I cost of the fans and heaters, $810,000 (6 x $85,000 + $50,000), is 
subtracted from the combined balance-of-plant materials cost. The 
remainder, $90,000 is divided equally between the fans c J heaters, 
I 
, and one $45,000 part is added to the equipment cost of the fans 
and the othcr to the equipment cost of the heaters to givp $555,000 
and $345,000 for the respective balance-of-plant material. costs 
t 
of each. These values are escalated to mid-1978 dollars $688,200 
and $427,800, respectively) using the 1.24 factor for FERC Account 
I 
312. listed in table XXV. 
(9) Includes the 20 percent contingency in Note 5 applied to the 15 per- 
) cent A/E services and fee rate employed in the ECAS report (Ref. 7, 
paqe 44) to account for the change in the order of applying the 
I contingency and A/E services and fee rates in this study compared 
to the ECAS study. 
(10) Rased on the guidelines specified by NASA for the ECAS study (Ref. 4). 
(11) The sum af the Plant Capital Cost and Escalation and Interest During 
Construction divided by (1.065) to de-escalate the Total Plant 
Capital Cost i r 7  Jan. 1984 at the completion of the 5.5 year con- 
struction period to mid-1978. 
117 
to  t h e  sum of  t h e r e  e s c a l a t e d  c o s t a  t o  compute a new con t ingency  
a l lowance  which waa t h e n  added to  t h e  sum to compute t h e  upda ted  
t o t a l  cost of  t h e  accoun t ,  
To c a l c u l a t e  t h e  A/E services and f s e ,  listed a t  t h e  end  o f  
each  c o s t  estimate, an 18 p e r c e n t  r a t e  was a p p l i e d  t o  t h e  rum o f  
t h e  ba l ance -o f -p l an t  materials, i n : * k a l l a t i o n  and i n d i r e c t  co8ts. 
S u p e r f i c i a l l y ,  t h i s  appea r s  t o  d i f f c t  from t h e  15 p e r c e n t  r a t e  
employed i n  t h e  ECAS s t u d y  (Ref. 7 ) .  However, its e q u i v a l e n c e  
becomes c l e a r  onece it is recognized  t h a t  i n  t h e  ECAS s t u d y ,  t h e  
20 p e r c e n t  cont ingency  was a p p l i e d  to  t h e  combined A/E S e r v i c e s  
and FCC and account  s u b t o t a l s ,  whereas  i n  t h i s  situdy it is a p p l i e d  
o n l y  t o  the a c c a i n t  s u b t o t a l s .  The A/E Serviceft  and F e e  i n  t h i s  
s t u d y  is t h e r c f t :  te i n c r e a s e d  by 20 p e r c e n t  t o  compensate and keep 
t h e  t o t s n 1  p l a n t  costs on an e q u i v a l e n t  b a s i s .  
8.0 COST SUMMARY COMPARISONS AND COST OF ELECTRICITY 
This section presents summary comparisonr of the six detailed 
capital cost estimates included in mection 7.2 and Appendix E. It 
also presents the results of a calculation of the cost of electri- 
city for each plant design and eutimate year, bared, in part, on 
:he totals of the capital cost estimates. 
8.1 Modified Reference Plant Versus ECAS Reference Plant: Mid-1978 
Table XIV presents a comparison of the mid-1978 capital costa, 
presented in tables X to XIII, for both the 250' and 175O F (394O 
and 353O h )  stack gas reheat temperatures. Each of the FERC account 
costs as of mid-1978, except for those of the electrostatic pre- 
cipitator and sulfur dioxide scrubber, which were ohtained by a 
verbal cost estimate from a pollution control equipment manufacturer, 
is computed in a straightforward mtnner from the corresponding cost8 
as of mid-1975 by the method discussed in section 7.2 That is, a 
separate escalation factor, listed in table X X V ,  calculated from the 
Handy-Whitman Index of Public Utility Construction Costs (Ref. 9 ) ,  
is applied to each FERC account. To calculate the A/E services and 
fee, an 18 percent rate is applied to the e m  of all the balance-of- 
plant materials, installation and indirect costs that make up the 
FERC accounts. On the surface, this appears to differ from the 15 
percent rate employed in the ECAS study (Ref. 7). However, as dis- 
cussed in section 7.2, it is actually equivalent to the ECAS rate 
increased by 20 percent to account for the reversed order of apply- 
in9 the continqcncy rate in this study compared with that used in 
the ECAS study. 
It is apparel.? from table XIV that for each reheat tempeyature, 
the corresponding modified and ECAS reference plants have essentially 
the same total cost. This may appear surprising at first, since the 
modified plant is designed to comply with the more stringent EPA 
June 1979 New Source Performance Standard8 and is therefore expected 
to include moie expensive pollution control components. However, 
offsetting incremental costs are present. 
TABLE XIV. - HODIFIED AND ECAS REFERENCE CONVENTIONAL 
FURNACE COAL-PXRED PCWER PUNTS WITH WET SO2 
SCRUBBERS COHPARISON OF CAPITAL COST ESTIMATE SUPWARIt8 
( 103s Rounded 
r I nodi riea I ECAS 1 I Reference ~lantl Reference Plant j 
I Stack Gas Reheat Temperature, I 
L - . -., 4 
Acc t 
No. Account Title 
1 310. LAND AND LAND RIGHTS 1 - Not Included rtr Study - I 
311. STRUCTURES i IMPROVEMEUTS 43,846 
I 312. BOILER PLANT 237,076 
314. STEAM TURBINE-GENERATOR AND 
I AUXILIARIES 112,244 
1 .  ACCESSORY ELECTRIC EQUIPMENT 50, 864 1 316. MISCELLANEOUS POWER P U N T  
EQU 1 PMENT 453 
350. TRANSMISSION PLANT 2,911 
Total of Accounts 310. to 350. 440,194 
A/E lime Off ice and Fee @ 10 50,618 
Percent of Balance-of-Plant 
Materials, Installation and 
Indirect Costs. (Includes a 
20 percent contingency consis- 
tent with the continqency ap- 
plied to the totrl pl~nt cost 
in the ECAS Report (Ref. 7 ) ) .  
Plant Capital Cost 498,812 
Escalation and Interest During 273,349 
Construction @ 54.8 Percent 
(5.5 yr. constr. pcr 6.5 per- 
cent escalation rate, 10 pcr- 
cent interest rate) (5) 
Total Plant Capital Coat in 772,161 
January 1984 Dollars 
Total Plant Capital Cost De- 546,116 
(1) Rased on the componcnts and costs 1.intcd in tables XXVI and XXVII. 
See table XI1 for cost detail.. 
2 Btsed on the components and costs listed in ta:~!cv XXVIII and XXIK. 
Sec t a h l c  XI11 for cost details. 
( 3 )  Based on the componcnts and costs listed in tables XXVI and XXVII. 
See table X for cost details. 
(4) Rased or the components and costs listed in tables XXVIII mnd XXIX. 
See table XI for cost details. 
(5) Rased on the quidclines specified in the ECAS Study (Ref. 4). 
( 6 )  Plant Capital Cost a d Escalation and Interest hiring Construction 
divleed by (1.0651 to de-escalate the Total Plant Capital Cosr 
in Jan. 1984 at the completion of the 5.5 year construction period 
to mid-1978. 
I n  t h e  modi f ied  p l a n t ,  i n  c o n t r a s t  t o  t h e  ECAS p l a n t ,  o n - s i t e  
l i m e  p roduc t ion  is  o m i t t e d  reduc ing  t h e  e s t i m a t e d  p l a n t  i n s t a l l e d  
equipment c o s t  by $7,639,065 (see t a b l e s  V and X t o  X I I I ,  FERC 
Account Subd iv i s ion  N o .  312.83). On +he o t h e r  hand,  more e f f i c i e n t  
e l e c t r o s t a t i c  p r e c i p i t a t o r  and s u l f u r  d i o x i d e  s c r u b b e r  sys tems  a r e  
i nc luded  (see t a b l e s  X t o  X I I I ,  FERC Account S u b d i v i s i o n  Nos. 312.71 
and 312.81) i n c r e a s i n g  t h e  p l a n t  i n s t a l l e d  equipment costs by 
$7,706,881, f o r  t h e  250° F (394O K )  r e h e a t  t empera tu re  case (i.e., 
$2,848,801 f o r  t h e  electrostatic p r e c i p i t a t o r  and $4,858,080 f o r  
t h e  s u l f u r  d i o x i d e  s c r u b b e r ) ,  and $7,741,921, f o r  t h e  175O F (353O K) 
r e h e a t  t empera tu re  c a s e  ( i .e. ,  $2,848,801 f o r  t h e  e l e c t r o s t a t i c  p re -  
c i p i t a t o r  and $4,893,120 f o r  t h e  s u l f u r  d i o x i d e  s c r a b b e r ) .  A f t e r  
i n c l u d i n g  $313,920 i n  t h e  modi f ied  p l a n t ,  f o r  bo th  r e h e a t  tempera- 
t u r e s ,  t o  accoun t  f o r  t h e  i n c r e a s e d  cost of t h e  f o u n d a t i o n s  and 
s t r u c t u r e s  r e q u i r e d  f o r  t h e  l a r g e r  s c rubbe r  and a s s o c i a t e d  a u x i l i -  
a r i e s ,  t h e  cost of t h e  modi f ied  p l a n t  is o n l y  abou t  $381,816 more 
than  t h e  ECAS p l a n t ,  f o r  t h e  250° F (394O K )  r e h e a t  t empera tu re  
c a s e ,  and $416,856, f o r  t h e  175O F (353O K )  r e h e a t  t empera tu re  ca se .  
Adding t h e  A/E home o f f i c e  and f e e ,  and e s c a l a t i o n  and i n t e r e s t  
d u r i n g  c o n s t r u c t i o n ,  t h e  t o t a l  c a p i t a l  cost of  t h e  modi f ied  p l a n t  is 
c a l c u l a t e d  to  be $772,161 compared t o  $772,144, f o r  t h e  250' F 
(394O K )  r e h e a t  t empera tu re  c a s e ,  and $759,072 compared t o  $758,992 
f o r  t h e  175' F (353O K )  r e h e a c  t empera tu re  c a s e .  Cons ide r ing  t h e s e  
two comparisons f u r t h e r ,  it is  s e e n  t h a t  t h e i r  r e s p e c t i v e  p a r t s  are 
w i t h i n  17 p e r c e n t  of one ano the r .  To w i t h i n  t h e  accu racy  of t h i s  
s t u d y ,  t h e r e f o r e ,  t h e y  may be cons ide red  t o  be e q u a l .  
L a s t l y ,  it may be noted  t h a t  by r educ ing  t h e  s t a c k  g a s  r e h e a t  
t empera ture ,  an e s t i m a t e d  $13 m i l l i o n  r e d u c t i o n  i n  t o t a l  p l a n t  ! 
c a p i t a l  c o s t  r e s u l t s .  T h i s ,  a s  d i s c u s s e d  i n  s e c t i o n  8.3,  l e a d s  
t o  a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  c o s t  o f  e l e c t r i c i t y .  
8.2 ECAS Reference  P l a n t  C a p i t a l  Cos t s :  Mid-1978 Versus  Mid-1975 
I Tab le  XV p r e s e n t s  a comparison of t h e  updated mid-1978 c a p i t a l  
c o s t s  o f  t h e  ECAS r e f e r e n c e  p l a n t  l i s t e d  i n  t a b l e s  X and X I ,  res- 
I 
p e c t i v e l y ,  w i t h  t h e  mid-1975 c a p i t a l  c o s t s ,  l i s t e d  i n  t a b l e s  X X X I I  + 
TAR1.K XV. - ECAS REFERENCE CONVENTIONAL FURNACE COAL-FIRED 
POWER PLANT WITH WET SO2 SCRUBBER COMPARISON OF CAPITAL 
COST ESTIMATE SU'MARTES AS OF MID-1978 AND MID-1975 
( 103$ Rounded 1 
1 1 S t a c k  G a s  R e h e a t  T e m p e r a t u r e ,  1 YEHC 
h c c t  
O F (0 K) - 
A c c o u n t  T i t l e  
LAN13 AND LAND RIGHTS I - N& I n c l u d e h  i n  S t u d y  - 1 
STHllCTURES AND IMPROVEMENTS 1 3 7 , 7 9 8  1 3 7 , 7 9 8  1 4 3 , 8 4 6  1 4 3 , 8 4 6  f 
POT 1,ER PLANT 1 1 9 1 , 5 2 8  1 8 2 , 9 8 5  2 3 7 , 4 9 5  2 2 6 , 9 0 1  I I I I 
STRAM TURRINE-i;ENERAr'oR AND 
AVS 1 LTARZES 1 8 8 , 3 8 1  / 9 1 , 0 2 3  1 1 1 2 , 2 4 4  1115 ,599  1 
ACCESSORY ELECTRIC EQlIIPMENT 1 4 1 , 3 5 3  1 4 1 , 3 5 3  1 5 0 , 8 6 4  1 5 0 , 8 6 4  
I I 
MISCELLANEOUS POWER PLANT I 
R Q t l l  PMENT I I 363  1 3 6 3  1 4 5 3  / 4  I 
TRANSMISSION PLANT 
I 
Total cf A c c o u n t s  310. t o  350 .  
A dl. Hom, O f f  i ce a n d  F e e  @ 1 8  ' 
P e r c e n t  o f  B a l a n c e - o f - P l a n t  I 
M n t c r l a l s ,  I n s t a l l a t i o n  a n d  
r t l d i  rect C o s t s .  ( I n c l u d e s  a 
2 0  p e r c e n t  c o n t i n q e n c y  c o n s i s -  
I 
t t m t  w i t 1 1  t h r  c o n t i n g e n c y  ap- 
plied t o  t h e  t o t a l  p l a n t  cost 
t r .  the ECAS R e p o r t  ( R e f .  7 ) ) .  
1 
I 
P l a n t  C a p i t a l  C o s t  i n  Dollars / 4 0 3 , 3 0 8  3 9 6 , 3 8 7  
I . . s c a l a t l o n  a n d  I n t e r e s t  D u r i n q  ; 1 I I ~ ' o n s t r u c t  i o n  @ 5 4 .  R P c r c e n t  I 
( 5 . 5  y r .  c o n s t r .  p e r  6 . 5  p c r -  I I 
c e n t  e s c , 7 1 a t i o n  r a t e ,  1 0  p e r -  
c e n t  l n t e r e s t  ra te )  ( 5 )  ! I I I I 
T o t a l  P l a n t  C a p i t a l  C o s t  i n  6 2 4 , 3 2 1  / 6 1 3 , 6 0 7  1 7 7 2 , 1 4 4   i 7 5 8 , 9 9 2  
1 ~ c . 1  l a r s  o f  t h e  Year o f  i I I c ' o n s t r u c t  i o n  C o m p l e t i o n  I I i 
I I 
-- I 
( I I N < ~ s ~ . c l  o n  the c o m p o n e n t s  a n d  costs l isted i n  t ab les  X X V I  a n d  X X V I  I . 
S e r  t a b l e  SSX11 for d e t a i l s .  
, : tlasr~i o n  t ht- c o m p o n c n t s  a n d  costs l i s t e d  i n  t ab les  XXVTI 1 a n d  X X T X .  
st.c t a b l e  XXSXII f o r  d e t a i l s .  
1 3 )  i3ase~l o n  t h e  c o m p o n e n t s  and  c o s t s  l i s t e d  i n  t a b l e s  XXVI and  XXVlI 
s t v  t a h l c  S for  escalated cost d e t a l l s .  
r J  Rased  on t h e  c o m p o n c n t s  and  c o s t s  l isted i n  t a b l e s  XXVIII a n d  X X T X .  
S r r  t a b l e  XI fdr e s c a l a t e d  cost d e t a i l s .  
I Rased on  t h v  q u i d c l i n e s  s p e c i f i e d  in t h e  ECAS s t u d y  (&re 4 )  
and X X X I I I .  Both the 250° and 175' F (394O and 353O K) stack gas 
rcheat cases are included. Tables X X X I I  and X X X I I I  list the same 
costs as those prese~ted in the ECAS study (Ref. 7 ) ,  changed in 
format to meet the requirements of this study. 
From table XV, the total plant capital costs, as of mid-1978, 
arc seen to be $772,144,000, for the 250° F (394O K) reheat tem- 
perature t *se, and $758,992,000, for the 175O F (353O K) reheat 
temperature case. Similarly, the total plant capital costs, as 
of mid-1975, arc seen to be $624,321,000 for the 250° F (394O K) 
reheat temperature case, and $613,607,000, for the 175O F (353O K) 
reheat temperature case. 
Calculatinq the ratios of the correspondinq total plant capital 
costs as of mid-1978 and mid-1975, the escalation of the total 
plant capital cost is 23.7 percent for both reheat temperature 
cascs and thc 3-year period considered in this study. Effectively, 
this amounts to an escalation of about 7.3 percent per year. 
8.3 Cost of Elcctricitv 
Table XVI prcscnts a comparison of the levelizcd costs of 
rloctricity of thc four plant clcsiqns and two estimate years con- 
sidcrcd in this study. Listed in the upper part of the table arc 
the plant specific parameters which arc used in the relationship 
discussed in section 3.4, to calculate the cost components of the 
lcvclizcd cost of electricity which are listed in the lower part 
of tbe tahlc. 12ar rcferer~clc, the total plant costs for all cases, 
cxprpsscd in $/kWe (net), arc also included. 
The  last two columns of thc tablc list thc parameters and the 
cost of elcctricity, as of mid-1975, of the two ECAS reference 
plant reheat tcmpcrature cascs (Ref. 7). Due to thc fact that 
lcvclization of the fuel and operation and maintenance costs was 
not cmploycd in the ECAS study, the costs of electricity listed in 
tablc XVT for thesc cascs, 53.1 mills/kWh ( 2 5 0 ~  F (394O K) reheat) 
and 49.6 mills/tWh (175' F (353' l i)  reheat), differ significantly 
from those listcd in tables 21 and 31 of the ECAS study (Ref. 7), 
TABLE W I .  - CCST OF ELECTRJCITY COMPARISON (1) i 1 
I I I Modified t ECAS I 
1 1 ! Reference ! Reference I 
I 
I Plant 1 Plant 
I 
I Stack Gas Reheat Temperature, 7- 250 (394) I 175 (353) I t 250 (394) I 175 (353) 
I I I 
I 1 Total Plant Capital Cost 6 ' De-escalated to mid-1978 110 $ )  I 1 546.1 ! S/kWe (net) 731 
Net Plant Power Power Output I 
(at 100 percent operation (MW) i i47.Z 795.5 747.2 i 795.5 I i 
: Overall Plant Efficiency (percent) 32.3 i 34.3 31.8 I 33.8 i 
j I 
1 
Cost of Electricity Componenks I 
(mills/kWh) ( 2 )  : 
c. 
w ,  
' Capital I 23.1 21.3 
Fuel i 22.2 I 20.9 22.6 21.2 j t i 
I I Operation and maintenance ( 3 - 6.6 - 6.4 ! 6.6 
I - 
6.4 
- I 
I I 
, cost of Electricity (mills/kWh) 51.9 48.6 i 52.3 48.9 
1. Based on the total capital cr -cs  listed in tables X to XIII, XXXII and XXXIII; net plant 
power outputs listed in table VI and Ref. 7, tables 21 and 31; overall plant efficiencies 
listed in table VIII and Ref. 7, tables 21 and 31; and the cost of electricity components 
listed in Ref. 7, tables 21 and 31. 
6 2. Based on 18 percent fixed charge rate, 65 percent capacity factor, $1.05/16 Btu fuel cost 
($1.00/106 Btu for mid-1975 ECAS reference plant), 2.004 levelizing factor for fuel and 
operation and maintenance costs, and the mathematical relationship presented in section 3.5. 
3. Escalated at 8.5 percent per year from the mid-1975 ECAS study value. 
39.8 mills/kWh (250° F (394' K) r e h e a t )  and 37.0 mills/kWh (17s0 P 
(353' K) r e h e a t ) .  
Comparing t h e  cost of  e l e c t r i c i t y  f o r  each  of t h e  r e h e a t  c a s e s  
a s  o f  mid-1978, t h e  modi f ied  r e f e r e n c s  p l a n t  v a l u e s  are s e e n  t o  b e  
lower: 61.5 mills/kWh compared t o  61.9 mills/kWh, f o r  t h e  250° F 
(394O K )  r e h e a t  t empera tu re  case, and 57.5 mills/kWh compared t o  
57.8 mil ls /kWh,  f o r  t h e  175' F (353O K) r e h e a t  t e m p e r a t u r e  c a s e .  
T h i s  r e s u l t s  p r i n c i p a l l y  from t h e  d e l e t i o n  of o n - s i t e  lime pro- 
d u c t i o n  from t h e  modi f ied  p l a n t .  D e l e t i n g  o n - s i t e  l i m e  p r o d u c t i o n  
r e s u l t s  i n  an i n c r e a s e  o f  about  0.5 p e r c e n t  i n  t h e  o v e r a l l  p l a n t  
e f f i c i e n c y ,  due t o  n o t  r e q u i r i n g  energy  t o  o p e r a t e  t h e  c a l c i n e r ,  
and consequent  r e d u c t i o n  i n  f u e l  cost,  due  t o  more e f f i c i e n t  opera-  
t i o n .  I t  a l s o  r educes  t h e  o p e r a t i o n  and maintenance costs. How- 
ever, s i n c e  t h i s  r e d u c t i o n  is  o f f s e t  by an i n c r e a s e  i n  t h e  amount 
of l imes tone  and l imes tone  hand l ing  r e q u i r e d  f o r  t h e  w e t  l i m e s t o n e  
s u l f u r  d i o x i d e  s c r u b b e r ,  t h e  e f f e c t  of  d e l e t i n g  o n - s i t e  l i m e  pro- 
d u c t i o n  on p l a n t  opexa t ion  and maintenance is  n o t  i nc luded .  
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Appendix A 
Technical Aaseasments 
This appendix contains the text of the five technical asaeas- 
ments on which the modification of the ECAS reference plant is 
based. The subjects covered include 
1. Sulfur Dioxide Scrubber System Design 
2. On-site Calcination Process Versus Purchased Lime 
3. Reheat of Stack Gas: Method-Selection Preference 
4. Effect of Sulfur Dioxide Scrubber on Particulate Bnissions 
5. Control of Nitrogen Oxides 
Each of the assessments was carried out in sufficient detail 
to define the impact of its subject matter on the ECAS plant design 
and the changes necessary to permit the ECAS plant to meet the June 
1979 New Source Performance Standards. 
A1.O SO2 SCRUBBER SYSTEM DESIGN 
The ECAS scrubber ryatem (Ref. A l )  war darigned for 90 percent 
reduction of SO2 emissions for a coal containing 4.5 Wrcent (by wt) 
sulfur. However, the Illinois No. 6 coal analyri~, on which the 
remainder of the study is based, shows 3.9 percent (by wt) sulfur, 
and the Illinois No. 6 coal analysis, on which the more recent 
Engineering Test Facility (ETF) study (Ref. A2) is based, shows 3.3 
percent (by wt) sulfur. 
Question: Should the design sulfur content margin be retained 
or modified? If modified, what value should be used? 
Al.l Summarv and Conclusions 
The relevant parameter upon which the design of a sulfur emis- 
sion control system is based is "lb S02/million Btu" heat input. 
Therefore, the percent sulfur for any coal must be related to the 
corresponding heating value of that coal to determine the removal 
efficiency required to meet established pollution standards. The 
ECAS Study indicates only the design sulfur content for the scrubber 
design without specifying the relevant EPA design parameter of lb 
6 S02/10 ~ t u  heat input. 
It is recommended that the scrubber specification be defined 
based on potential emissions of 8.3 lbs SO2 per million Btu of heat 
input which corresponds to a coal having a design sulfur content of 
4.5 percent sulfur and a design heat content of 10,788 Btu/lb. The 
scrubber will be designed for a sulfur dioxide removal efficiency of 
90 percent which is the value required to meet the 1979 NSPS standards 
for this level of potential emissions. It is also anticipated that 
this efficiency will be acceptable to the cognizant regulatory 
agencies as the Best Available Control Technology (BACT) and there- 
fore is acceptable as the flue gas desulfurization (FGD) system 
design efficiency. It is concluded that the selection of 4.5 per- 
cent sulfur for the design of the scrubber in the ECAS study was 
reasonable and conservative. 
I t  is a l s o  recommended t h a t  t h e  Reference  P l a n t  be  c a p a b l e  o f  
burn ing  bo th  t h e  ECAS and ETF c o a l s  w i t h  r a n g e s  o f  p r o p e r t i e s  i n  
accordance  w i t h  u s u a l  power p l a n t  p r a c t i c e ,  i.e., equipment  should  
be c a p a b l e  o f  o p e r a t i n g  s a t i s f a c t o r i l y  w i t h  any  coal having  c h a r a c t e r -  
istics w i t h i n  s p e c i f i e d  r a n g e s  even though performance g u a r a n t e e s  are 
f o r  o n l y  one coal w i t h  each  c h a r a c t e r i s t i c  hav ing  one  s p e c i f i c  va lue .  
A1.2 D i scus s ion  
Tab le  X V I I  lists t h e  c h a r a c t e r i s t i c s  of t h e  I l l i n o i s  No. 6 
c o a l s  used i n  t h e  ECAS and ETF S t u d i e s .  These c o a l s  a r e  r e p r e -  
s e n t a t i v e  of cc:ls which a r e  c u r r e n t l y  b e i n g  mined i n  I l l i n o i s  
(Ref. A3). For  example,  t h e  ECAS c o a l  co r r e sponds  c l o s e l y  t o  one  
be ing  mined i n  M a c o u p i ~  County,  whose p r o p e r t i e s  are l i s t e d  i n  
tab1.e XVTTI, w h i l e  t h e  ETF c o a l  c l o s e l y  co r r e sponds  t o  one  b e i n g  
mined i n  P e r r y  County,  whose p r o p e r t i e s  a r e  l i s t e d  i n  t a b l e  X I X .  
Durinq 1976, abou t  3,300,000 t o n s  of  c o a l  were e x t r a c t e d  from t h e  
mines i n  Macoupin County, w h i l e  11,400,000 t o n s  were e x t r a c t e d  from 
t h e  mines i n  P e r r y  County (Ref. A3). S i n c e  1882, t h e s e  c o u n t i e s  
have produced abou t  280,700,000 t o n s  and 318,600,000 t o n s  r e spec -  
t i v e l y  (Ref. A3) . T h e r e f o r e ,  on t h e  b a s i s  o f  a v a i l a b i l i t y  t h e r e  
is no o v e r r i d i n g  r ea son  t o  p r e f e r  e i t h e r  o f  t h e s e  c o a l s  f o r  s t u d y  
purposes .  
I n  a d d i t i o n ,  u t i l i t i e s  d o  n o t  u s u a l l y  l i m i t  t hemse lves  t o  a 
s i n g l e  s o u r c e  of supply .  Common p r a c t i c e  i s  to  p rov ide  f o r  more 
than  one s o u r c e  of  f u e l  t o  a s s u r e  a f u e l  supp ly  i n  case of a d i s -  
r u p t i o n  of  t h e  supp ly  f r a m  i t s  pr imary  s o u r c e  and t o  pxovide a 
s e c u r e  f u e l  supp ly  o v e r  t h e  l i f e  o f  t h e  p l a n t .  Assuming t h a t  t h e  
costs o f  t h e  two c o a l s  a r e  comparable,  a t y p i c a l  u t i l i t y  would 
probably  a r r a n g e  f o r  a backup a l t e r n a t e  f u e l  sou rce .  I t  is t h e r e -  
f o r e  recommended t h a t  t h e  r e f e r e n c e  p l a n t  be  c a p a b l e  of bu rn ing  
bo th  t h e  ECAS and ETF f u e l s .  
The proximate  and u l t i ~ . a t e  a n a l y s e s  used  i n  t h e  ECAS and ETF 
r ~ u d i e s  ( t a b l e  X V I I )  d o  n o t  i n d i c a t e  any r a n g e s  f o r  t h e  compos i t ion  
normal ly  encoun te red  i n  an a c t u a l  c o a l  supp ly .  Although it i s  n o t  
TABLE XVII. - ANALYSES OF ILLINOIS NO. 6 BITUMINOUS 
COALS AND ASH EMPLOYED IN PREVIOUS STUDIES 
Proximate Analysis (As M c e i ~ e d ) ~  
percent (wt) 
Moisture 
Volatile matter 
Fixed carbon 
Ash 
Ultimate Analysis (Am Received) 
percent {wt) 
Sulfur 
Hydrogen 
Carbon 
Nitrogen 
Oxygen 
Ash 
Hiqher Heat Value (As Received), 
stu/ lb 
Coal Rank 
ECAs (1) 
13 0 
36.7 
40.7 
9.6 
3.9 
5.9 
59.6 
1.0 
20.0 
9.6 
10788 
HVCB 
8.9 
38.0 
41.7 
11.4 
3.3 
5.4 
62.4 
1.2 
16.3 
11.4 
11265 
HVCB 
41.4 f 5.4 
19.3 f 6.8 
22.3 f 6.8 
0 .9 
0.12 
5.4 f 3.3 
1.7 f 1.3 
0.6 f 0.2 
2.1 f 0.4 
7.5 f 0.6 
1960 2 70 
(1344 f 39) 
2030 f 70 
(1383 i 39) 
2260 f 200 
(1511 f 111) 
Not Reported 
Not Reported 
Ash Analysis, percent (wt) I 
Si02 1 46.6 
A1203 
1 19.3 
Fe203 
20.8 
Ti02 
6 0.0 
'2'5 
I 0.24 
CaO 7.7 
1. As listed in the *Energy Conversion Alternatives Study." 
February 1976. (Ref. A6) 
2. As listed in the "Engineering Test Facility Conceptual Design,. 
AVCO Everett Research Lab., Inc., June 1970. (Ref. A2) 
w o  
Na 2O 
2O 
S03 
Initial Deformation Temp.. O F 
(O Jo 
Softening Temp.. 0 F (O K) 
Fluid Temp.. O F (O K) 
Grindability H.G.I. 
Average 
0.9 
0.2 
1.7 
2 . 4 
1990-2130 
(1361-1439) 
1979 
(1355) 
2090-2440 
(1416-1611) 
52-56 
55 

TABLE XIX. - PERRY CWL'NTY (WEST OF DUQUOIN ANTICLIPSE) ?¶IN" AVERAGES OF 
PROXIMATE AMD ULTIYATE ANALYSES (1) 
2 .  Assiinlnq measure3 quantities are distributed i n  a statistically normal manner. 
1 I I HV Potenbal R o d e t e  hu lymis  tpereent n) I 1 U l t i a r t t  Analymir (percent vt) 
' Y 1 r . e  1 1 missions 
7 - I 
1 ( 3 )  1 Ivrdex , :.91atA:e f - x - d  ; S ! Heat Value ; lb 502 
' I E i l f q i r  : Pydrnger 1 CaarLar .  ::ltmc~en ' iSrfqcr. I ( B t u / l b )  1 i . ~ e r  ) p r 2 ~ ~ t ~ r e  f Y a t t e r  : C a r b c ~ r .  1 Ash  ! 36 ~ t r b  
I I I I ! i I 
- 
I 
3.8 1 - 
- 1  - 
' R 9  12.5 - 1  - - 
i I N  3.6 5.4 1 , 61.8 1.1 17 -8  
q 
I - I  - - 
I - I  - I - 
Lb ~0~/10'j Btu = 2 x Dement S HI' 
7 -6 
6.0 
6.6 
6.4 
6.6 
6.3 
6.1 
2 -7 
6.1 
1.2 
17R - 1 - ; 19829 1 :  I : 79 i 2.6 1 - 11300 
3.7 I - I - - - 1 "140 
144 8 - i j - ,129, 
1 .  As ilsted In references  A4andA5 for samples a s  received. Each e n t r y  is a cbmposite of measure- 
writs for 2 to 6 sawplem. 0.t. frasl Burem of Miner Technical Faper We? are 1nearpat.t.d. 
11290 
11160 
1121G 
11230 
11 160 
135 
F 2 2  3 . 7  C2.3 16.8 
6 .  1 ::1 1 18.0 / 62.3 I 1 10.2 - 3 3  , 1.4 16.9 I 
12.7 9.2 63.2 1.3 ' 19.3 
I I 1 I 10.0 3 1  1 4 2  13.6 
I 
I I I 1 I 
f 
4 
1.2 
I Std. 
1.1 j 1.9 ' 1.1 1 9.6 1 9 1  1 . 6  3.2 
I 
1 I 
I I 
17.8  
1.0 
I d I I I i I 
I so stated, it is assu~ed that the values uned are averages for 
I many samples. This is consistent with the coal analyses of actual 
samples presented in tables XVXTI and XTX. Tables XVIII and XIX 
indicate, hmcvcr, that, for any one constituent of a series of 
c. 
I samples from a minc, there is a ranqe of values abovc and below 
the mcan valuc of thc constituent. For example, the twelve coal 
L samples from Macoupin County have a mcan sulfur content of 4.0 
pprccnt (table XVITI) and a standard deviation of 0.3 percent. 
Thc thirteen coal samples from Perry Courity have a mean sulfur 
contcn4- of 3.4 pcrccnt (table XTX) and a standard deviatiora of 
0.6 ptarccnt. Similarly, based nn the sulfur content and heat 
valur: of the individual samples testctl, thc lb SO2 per million 
ntu hcat input, dcrivcd from thc sample sulfur concentrationo and 
heat valucs, is calculated to havc a standard dcviatinn of 0.7 
pcrccnt, bascd on thc Macoupin County samplcs, and 1.2 pcrcent, 
bascd on thc Perry County samplcs. 
The* air quality control rcqulatory aqcncics usually rcquirc 
that cmissinns from a powcr plant not excccd the approved maximum 
t>vt-r a spcci f icd pcriod, such as a 30-day rcllinq average. In 
acltli ti or^, this maximum must not be exccedcc! with the worst fuel 
l i k t * l y  to bc fired. In qcncral, the dcsiqn valuc for potential 
t cmissions will bc onc to two standard deviations higher than the 
mcan value dcpcndinq on the d e q r ~ c  of conscrvatlsm required. Thus, 
if  a value of thc So per  million Rtu hcat input is selected which 2 
is a little qrcatrr than one standard dc~iation larger than the 
mean, thcrtl is about R S  pcrcent confitlcnce (b-..ed on a one-sided 
to l crancc  intcrvnl) thc' all ,hc coal received durinq the life of 
thc  p l a n t  from t h ~  m i n e s  will havc an SO per million Rtu value 2 
lcss than this dcsiqn value, assuminq a statistically normal did- 
trihutinn  round tho rncm valuc. Rased on a comparison with the 
Macoupi? County samplcs, the design SO2 per million Etu value 
sclcctccl in the ECAS study appears to be about 1.14 standard 
dcvintions hiohcr than the mean, within the acceptable range. 
Thr dcsiqn SO potential emission quantity may be reduced by 2 
thp amount of sulfur retained in the ash collcctcd within the 
steam g e n e r a t o r  and p a r t i c u l a t e  c o l l e c t i o n  equipment. Some s u l f u r  
i n  t h e  c o a l  is r e t a i n e d  wi th  t h e  bottom a s h  and some of t h e  SO2 
gene ra t ed  r e a c t s  w i t h  t h e  a l k a l i n e  c o n s t i t u e n t s  i n  t h e  f l y  and 
bottom ash .  EPA document AP42 (Ref. A 7 )  prov ides  g u i d e l i n e s  f o r  
e s t i m a t i n g  t h e  r e t e n t i o n  of s u l f u r  i n  t h e  a sh .  For  t h i s  a p p l i c a t i o n ,  
a  r educ t ion  of about  f i v e  p e r c e n t  i n  t h e  SO p o t e n t i a l  emiss ion  level 2  
can be de r ived  from t h e  AP42 g u i d e l i n e s .  S ince  t h i s  r e d u c t i o n  d o e s  
n o t  change t h e  r e q u i r e d  removal e f f i c i e n c y  o f  t h e  f l u e  g a s  d e s u l -  
f u r i z a t i o n  system,  it is recommended t h a t  no c r e d i t  be  t a k e n  f o r  
t h i s  rc ct:::ti?n, which w i l l  p rov ide  a deg ree  of  conse rva t i sm i n  
meeting emis t ion  l i m i t s .  
Table  XX l ists t h e  s e l e c t e d  p r o p e r t i e s  of t h e  t w o  I l l i n o i s  N o .  6 
c o a l s  used i n  t h e  p r e s e n t  s tudy .  I t  i n c o r p o r a t e s  t h e  recommendations 
of t h e  foregoing  paragraphs ;  i .e., r anges  of p r o p e r t i e s  r a t h e r  t h a n  
s i n g l e  va lues .  The pr imary c o a l  cor responds  t o  t h a t  used i n  t h e  ECAS 
s tudy  and t h e  a l t e r n a t e  c o a l  t o  t h a t  used i n  t h e  ETF s tudy .  For  
both c o a l s ,  s t anda rd  d e v i a t i o n s  a r e  i nc luded  f o r  each  c o n s t i t u e n t  
f o r  use  i n  t h e  s tudy  where v a r i a t i o n s  from t h e  mean a r e  s i g n i f i c a n t .  
To de te rmine  t h e  s t a n d a r d  d e v i a t i o n s  w i thou t  a  se t  of a n a l y s e s  it 
has  been assumed t h a t  t h e  s t a n d a r d  d e v i a t i o n s  a r e  t h e  same pe rcen t -  
ages  of t h e  mean v a l u e s  a s  t hose  l i s t ed  f o r  t h e  co r r e spond ing  items 
i n  t a b l e s  X V I I I  an2 X I X .  The s t a n d a r d  d e v i a t i o n s  f o r  t h e  components 
of t h e  ash  a n a l y s i s  a r e  t h e  same pe rcen tages  of t h e  mean v a l u e s  a s  
those l i s t e d  f o r  t h e  ETF c o a l  i n  t a b l e  X V I I .  F o r  comple teness ,  
s t anda rd  d e v i a t i o n s  a r e  l i s t e d  f o r  T i 0 2  and P205, based on an average  
of t h e  pe rcen tages  " 2  t h e  means ( 3 4  p e r c e n t )  of t h e  o t h e r  a s h  ana ly-  
sis c o n s t i t u e n t s  of t h e  ETF c o a l .  The T i 0 2  and P205, however, d o  
no t  s i g n i f i c a n t l y  a f f e c t  t h e  p l a n t  des ign .  
Applying t a b l e  X X ,  i n  con junc t ion  with t h e  fo rego ing  cons ide ra -  
t i o n s ,  t o  t h e  ECAS a?d ETF c o a l s ,  and s e l e c t i n g  a  d e s i g n  s u l f u r  
c o n t e n t  of 4.5 p e r c e n t  ( t w o  s t a n d a r d  d e v i a t i o n s  above t h e  mean f o r  
both c o a l s )  and an average  h e a t  v a l u e  of 10,788 Btu / lb  ( t h e  mean of 
t h e  ECAS c o a l  and about  f o u r  s t a n d a r d  d e v i a t i o n s  below t h e  mean of 
t h e  ETF c o a l ) ,  t h e  d e s i g n  p o t e n t i a l  SO2 emiss ions  are 8.3 l b s  SO2 
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NOTES TO TABLE XX 
(1) Corresponds t o  t h a t  used i n  t h e  ECAS s t u d y  (Ref. A6) .  I 
( 2 )  Corresponds to  t h a t  used i n  t h e  ETF a tudy  (Ref. A 2 ) .  1 
( 3 )  P e r c e n t  o f  mean = (S td .  Dev ia t ion  i mean) x 100. For t h e  p r o x i -  1 
mate  and u l t i m a t e  a n a l y s e s ,  each  v a l u e  is t h e  same p e r c e n t  of  t h e  I 
mean as t h a t  l i s t e d  f o r  t h e  co r r e spond ing  c o n s t i t u e n t  i n  t a b l e  1 
X V I I I .  For  t h e  a s h  a n a l y s i s ,  e a c h  v a l u e  is t h e  same p e r c e n t  of 
t h e  mean a s  t h a t  computed from t h e  v a l u e s  l i s t e d  f o r  t h e  ETF c o a l  
i n  t a b l e  XVII. For  t h e  Ti02  and P205, an ave rage  p e r c e n t  of t h e  I 
mean of 34 p e r c e n t  i s  assumed. The de fo rma t ion ,  s o f t e n i n g  and 1 
f l u i d  t empera tu re  v a l u e s  a r e  from t h e  ECAS s t u d y  ( t a b l e  X V I I )  . 1 
( 4 )  For t h e  proximate  and u l t i m a t e  a n a l y s e s ,  each  v a l u e  is t h e  same 1 
p e r c e n t  of  t h e  mean as t h a t  l i s t e d  f o r  t h e  co r r e spond ing  c o n s t i t u e n t  I 
i n  t a b l e  X I X .  F o r  t h e  a s h  a n a l y s i s ,  TiOZ and P205 v a l u e s ,  t h e  I 
same comments a s  i n  Note 3 apply.  The de fo rma t ion ,  s o f t e n i n g  and 1 
f l u i d  t empera tu re  v a l u e s  a r e  from t h e  ETF s t u d y  ( t a b l e  X V I I ) .  I (5)  A~sumed e q u a l  t o  t h e  s r i n d a b i l i t y  of t h e  pr imary  c o a l .  
per million Btu of heat input. This design sulfur content i a  the I 
same as the design value specified in the ECAS study, and corres- 
ponds to the Macoupin County cocls within 1.14 standard deviations 
I of the mean value (table XVIII). 
Under the June 1979 NSPS regulations, an SO2 removal efficiency 
1 of not less than 90 percent is required for the design coals. A 90 
percent removal efficiency reduces the maximum expected emissions 
from the stack to 0.83 lbs S02/million Btu. As this is lwer than 
I the 1.2 lbs per million Btu limit set by the standards, it will 
I probably also be accepted by the EPA as meeting the Best Available 
I Control Technology (BACT) requlatory requirements. 
A2.0 ON-SITE CALCINATION PROCESS VERSUS PUPTHASED LIME 
Overall SO2 emissions from the ECAS power plant were determined 
6 to be 0.86 lb/10 Btu heat input or an 88 percent reduction of the 
uncontrolled emissions. This includes steam boiler emissions of 
6 0.747 lb/lO Btu (an 89 percent reduction), and the uncontrolled 
6 emission of 7.23 lb/10 Btu heat input from the coal burned for the 
on-site calcination process. 
Question: Should the on-site calcination process be retained 
or should the purchase of lime be considered? 
A2.1 Summary and Conclusions 
It is concluded that neither on-site calcination, which is 
included in the ECAS study, nor the purchase of lime need be 
included in the reference plant design. Instead, direct utiliza- 
tion of limestone should be adopted. Lime is the preferred or 
required absorbent in dry scrubbing and systems where very high 
removal efficiencies are required. However, limestone systems in 
operation have demonstrated efficiencies of 90 percent and higher 
with high sulfur coals. Direct utilization of limestone is eco- 
nomically more attractive than utilization of lime in most cases 
where both absorbents can be used. Utility preference for lime- 
stone systems over lime systems supports this selection. About 77 
percent of the new SO2 scrubbing capacity planned in the United 
States is reported to use limestone (Ref. A10). 
A2.2 Discussion 
The question posed in the assessment task assumes that the 
plant SO2 emission includes "the uncontrolled emission of 7.23 lb 
6 S02/10 Btu heat input from the coal burned for the on-site cal- 
cination process." However, overall SO emissions are not affected 2 
by on-site calcination in a direct-fired rotary kiln such as that 
included in the ECAS study (Ref. Al). The coal fuel is burned in 
the presence of the lime product which effectively captures any 
sulfur dioxide produced. Figure 10 schematically illustrates a 
typical fuel feed and burner configuration for a direct-fired 
Hot lime product 
combustion 
Exhaust qas to qases 
particulate 
::crubber /' \ ,. %. 
... 
Figure 10. - Schematic Representation of a General Coal-Fired 
Rotary Kiln Illustrating the Fuel-Burner Arrangement (Ref. A 8 ) .  
rotary kiln. It indicates that the coal combustion gases pass 
directly over the hot lime product. 
missions from a direct-fired calciner, considered as a sepa- 
rate facility from a steam generating plant, are covered by Subpart 
HN--Standards of Performance for Lime Manufacturing Plants--June 
1979 NSPS (Ref. A 9 ) .  That subpart limits the emission of particu- 
late matter from a calciner to 0.03 lb/ton of limestone feed, and 
the opacity of any atmospheric discharge to 10 percent. Since no 
sulfur dioxide is released, no requirement for calciner exhaust gas 
sulfur dioxide scrubbing is included in the standards. 
To provide the necessary particulate emission control, a fabric 
filter can be included to scrub the exhaust gases. This is basically 
the configuration employed in the ECAS study. Since on-site lime 
production is not included in the Reference Plant, for the reasons 
discussed in the following paragraphs, control of calciner emissions 
is not considered further. 
To determine whether to include on-site calcination or purchase 
off-site manufactured lime in the Reference Plant design, two alter- 
natives are considered: produce lime on-site or purchase lime off- 
site. Roth assume SO2 scrubbing with lime. A third alternative is 
also possible, however - utilization of pulverized limestone directly. 
I All three alternatives are schematically illustrated in figures lla, 
I llh and llc. 
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I n  t h e  f i r s t  a l t e r n a t i v e ,  l imeetone is purchased from a quar ry  
and d e l i v e r e d  t o  a s t o r a g e  a r e a  a t  t h e  site.  A s  needed, t h e  lime- 
s t o n e  is  reclaimed from s t o r a g e ,  pu lve r i zed  and c a l c i n e d  t o  produce 
l i m e  which is s l a k e d  and f e d  a s  a s l u r r y  to  t h e  s u l f u r  d iox ide  
scrubber.  Wastes from t h e  sc rubber ,  a long w i t h  o t h e r  p l a n t  was tes ,  
a r e  processed and s t o r e d  on-s i te .  I n  t h e  second a l t e r n a t i v e ,  t h e  
p rocesses  of l imestone  quar ry ing  and c a l c i n i n g  a r e  c a r r i e d  o u t  o f f -  
s i te  by a l i m e  manufacturer  and l i m e  is d e l i v e r e d  to t h e  site where 
i t  is s t o r e d  under cover .  A s  needed, t h e  l i m e  is rec la imed from 
s t o r a g e  and, a s  i n  t h e  f i r s t  a l t e r n a t i v e ,  it  is  slaked and f e d  a s  a 
s l u r r y  t o  t h e  s u l f u r  d i o x i d e  scrubber .  Wastes from t h e  sc rubber ,  
a long wi th  o t h e r  p l a n t  wastes, a r e  aga in  processed and s t o r e d  on- 
site. I n  t h e  t h i r d  a l t e r n a t i v e ,  l imestone  i s  purchased from a 
q u a r r y  and d e l i v e r e d  t o  t h e  s i te .  A s  needed, t h e  l imestone  is re- 
claimed from s t o r a g e ,  pu lve r i zed  and f e d  a s  a s l u r r y  t o  t h e  s u l f u r  
d iox ide  scrubber.  Wastfs from t h e  s c r u b b e r ,  a long wi th  o t h e r  p l a n t  
wastes ,  a r e  processed and s t o r e d  on-s i t e .  
To provide  some i n s i g h t  i n t o  t h e  comparative a t t r a c t i v e n e s s  of 
t h e  a l t e r n a t i v e s ,  t a b l e  X X I  l is ts  q u a l i t a t i v e  d i f f e r e n c e s  between 
t h e  major c o s t  components of each,  us ing  t h e  o n - s i t e  l i m e  product ion  
a l t e r n a t i v e  a s  a r e fe rence .  Where c o s t s  a r e  noted ,  they  a r e  based 
on va lues  r e p o r t e d  i n  t h e  ECAS s tudy (Ref. A l )  as of mid-1975. A 
c u r r e n t  d e t a i l e d  economic a n a l y s i s  was no t  p o s s i b l e  a s  i t  was beyond 
t h e  sccy#e of t h e  t a s k .  
Item 1 compares t h e  costs of l imestone  d e l i v e r e d  t o  t h e  site 
f o r  A l t e r n a t i v e s  A ,  B and C. A l t e r n a t i v e s  A and C ,  which employ 
l imestone feeds tock and l imestone scrubbing r e a g e n t ,  r e s p e c t i v e l y ,  
a r e  l i s t e d  a s  having t h e  same c o s t  pe r  ton .  S ince  A l t e r n a t i v e  B 
does no t  employ l imestone ,  no c o s t  is shown f o r  it. A s  s t a t e d  i n  
t h e  ECAS s tudy ,  t h e  cost of l imestone  d e l i v e r e d  t o  t h e  si te,  as of 
mid-1975, is $5/'ton (Ref. A l ,  p. 8 7 ) .  
I t e m  2 lists t h e  comparative c o s t s  of t h e  scrubbing reagen t  
( l i m e  o r  l i m e  e q u i v a l e n t )  p e r  ton  o f  r eagen t  f o r  t h e  a l t e r n a t i v e s .  
A r e f e r e n c e  c o s t  of about  $22/ton of o n - s i t e  manufactured l i m e  is  
I 
TABLE XXI. - QUALITATIVE COMPARISON OF COSTS FOR LIME/LIMESTONE 1 
ALTERNATIVES FOR SULFUR DIOXIDE SCRUBBING SYSTEM , 
BASED ON MID-1975 DATA PRESENTED IN THE ECAS STUDY (REF. Al) I 
- - .  . -  .- -- C-- . -- -- -. 
A l  1 , . 1 . , , . 9 :  ivc .'.. hl ternat  j v t 3  Altertmt ive 
I UII-site 1 i m e  Purchased Limes tone 
I tem production 1 ime Scrubbing 
1. Cost of limestone per ton of 
limestone f .o.b. s i t e  base (1) NA ( 2 )  Same a s  base (1) 
2 .  Coot of sirubbing reagent base (3) 1 70 parcent of ($/ton of l i t r e  o r  lime (lime) 
equivalent) 
45 percent of 
brme (5) (limertone) 
3. Reaqent storage and 
handling 
4. Limestone pulverizer 
5. Lime slaker 
6 .  Slurry tank 
7 .  Sulfur dioxide 
scrubber 
base about the same a s  about the Same as 
(limestone base ( l i m e  storage) base (limestone 
storage) storage) 
base N A s l i g h t l y  grea ter  
than base 
base same a s  base N A 
I s l i g h t l y  grea ter  than base I I s l i g h t l y  grea ter  than base 
8. Waste processing and same a s  base s l i g h t l y  grea ter  
storage than base 
1 ":r i I 1 tSa>st. 1)dst - , i ight:y lt...:, s i m i  . ic ,~~a?lv 1 . - I ~ A I I  ha?cb. f @ s a  V b l . l n  :race - - 
(1) $5/ton of limestone as quoted in the ECAS study (Ref. Al, p. 87). 
( 2 )  Not applicable/not required. 
(3) Approximately $22/ton of lime as calculated in table XXII. 
(4) S15.50/ton of lime scaled from $Siton of limestone by the lime/ 
limestone price ratio, 3.1, determined in table XXIII from price 
quotations during May-June 1978. 
(5) Approximately 2 tons of limestone are equivalent to 1 ton of lime 
in scrubbing capability. The cost of the lime equivalent is 
SlO/ton. 

TABLE X X I I .  - APPROXIMATE COST OF PRODUCING LIME 
ON-SITE, BASED ON MID-1975 DATA PRESENTED I N  THE ECAS STUDY (1) 
2. Lime sys t em ( c a l c i n e r  w i t h  t r a v e l l i n g  
g a t e  k i l n ;  k i l n  s t a c k ;  coal conveyor ,  
b u c k e t  elevator and s t o r a g e  b i n  f o r  
k i l n :  l i m e  conveyor ,  b u c k e t  elevator 
a d s t o r a g e  si los:  l i m e  s l a k e r ) ( p .  40) 
3. S u b t o t a l  
Item H/Tonr C o s t  
I 4. Direct and I n d i r e c t  l a b o r  cost ($11.75 + $10.56 p e r  M H )  (p.  33) 1 
1 1. L i m e ~ t o n e  Dandl ing equipment  ip. 39) ( 2 1  
( 5. T o t a l  c a p i t a l  cost as of mid-1975 ( 3 )  1 
22,000MH $1,250,000 
6. L e v e l i z e d  capital  cost p e r  y e a r  (30 y r  
l i f e ,  mid-1975 s t a r t u p ,  10  p e r c e n t  
i n t e r e s t  rate: CRF = 0.10608) 
1 7. Nominal t o n s  o f  l i m e s t o n e  used  p e r  y e a r  I 
I (1300 t ons /day ,  237 d a y s / y r ) ( p .  1 6 )  1 308,100 I 
1 8. C o s t  o f  l i m e s t o n e  u sed  p e r  y e a r  @ S5/ 
I t o n  (p.  87) 1 
10. C o s t  o f  f u e l  used  f o r  ca c i n i n g  p e r  1 
I  y e a r  @ $21.6O/ton (Sl / lOb ~ t u )  (p .  V )  1 i 
! 9. Nominal t o n s  o f  f u e l  used  f o r  c a l . c i n -  
I i n g  per y e a r  ( i 7 4  t ons /day ,  237 d a y s /  
I 
y r )  (p. 1 5 )  
1 
I 11. C o s t  o f  lime produced o n - s i t e  p e r  year I 
( e x c l u d i n g  MbO, a u x i l i a r y  ene rgy  and 1 
waste d i s p o s a l )  1 
41,238 
I 12.  Approximate MhOI a u x i l i a r y  ene rgy  and ; 
w a s t e  d i s p o s a l  costs @ 1 0  p e r c e n t  of  I 
a n n u a l  c a p i t a l  p l u s  f u e l  c o s t a  I 
I 
13. T o t a l  a n n u a l i z e d  cost of  l i m e  produced 
o n - s i t e  I 
14. Nominal t o n s  o f  l i m e  produced o n - s i t e  1 
p e r  y e a r  (650 tons /day ,  237 d a y s / y r )  
(p .  16)  1 154,050 
, 15. C o s t  per t o n  of  lime produced o n - s i t e  
as of mid-1975 
(1) Refe rence  A l .  
( 2 )  Paqe numbers i n  p a r e n t h e s e s  r e f e r  t o  t h e  pages  i n  t h e  ECAS s t u d y  
(Ref. All  where t h e  d a t a  used  t o  d e r i v e  t h e  o p e r a t i n g  q u a n t i t i e s /  
c o s t s  may be found.  237 days /y r  is based  on a 65 p e r c e n t  p l a n t  
c a p a c i t y  f a c t o r .  
( 3 )  No con t ingency ,  e s c a l a t i o n  o r  i n t e r e s t  d u r i n g  c o n s t r u c t i o n  is  
i n c l u d e d ,  s i n c e  t h e  p r o c e s s  is w e l l  k n w n  and it is e x p e c t e d  t h a t  
t h e  sy s t em can  be e r e c t e d  w i t h i n  one  y e a r .  
in table XXI by scaling the $S/ton cost for limestone, quoted in 
the ECAS study, by the ratio of lime to limeutone coot developed 
from a Burns and Roe telephone survey of nine limo manufacturers 
carried out during May-June 1978. The results of the survey are 
summarized in table XXIII, where the ratio of the lime to lime- 
stone average price is calculated to be 3.1 to 1. Applying this 
ratio to the $5/ton cost of limeetonc results in the $lS.SO/ton 
delivered cost of lime indicated in table XXI. It should be noted 
that this analysis aaaumea that the escalated rates for the coet 
of lime and limestone are approximately the same during the 1975- 
1978 period. That is, it ia assumed that the ratio of tho cost 
per ton of lime to limestone in mid-1978 dollars ($39.60 and $13.05, 
respectively) ie the same as in mid-1975 dollars ($15.50 and $5.00, 
respectively). 
It should further be noted, that the costs of iime and lime- 
stone vary greatly throughout the country, and are very gite spe- 
cific. The costs depend not only on the transportation costs of 
shipping lime or limestone from the quarry to the user, but also 
upon the costs of producing lime or limestone at each quarry. 
The cost of the purchased lime for Alternative B is therefore 
about 70 percent of the base cost of the on-site manufactured lime 
for Alternative A. It should be noted, however, that this figure 
is based on the average value of a range of quoted prices. If the 
actual price is higher than $15.50/ton, the cost of Alternative B 
approaches that of Alternative A. 
No lime costs are associated with Alternative C. However, the 
cost for the limestone required to provide a sulfur dioxide emission 
reduction equivalent to that produced by a ton of lime is about 
twice the per ton cost of limestone, since two tons of limestone 
are necessary to provide the same amount of calcium as in the lime. 
Therefore, the comparative cost of the limestone for Alternative C 
is noted to be about SlO/ton or 45 percent of the base cost for 
Alternative A. 
TABLE XXIII. - WOTED PRICES FOR LIMESTOm AND LLm 
DELIVERED TO A ST. LOUIS, MISSOURI SITE 
MAY - JUNE 1978 (1) 
I 
Quoted Price -L 
S Per To3 (2a,b) 'Transportation Lin/Li.lestone 
6 
Company Quarry Location Limestone 1 Lime ($/ton) Price Ratio 
( 1. Westinqhouse j~ississippi Lime Co. ' 9.00-12.00 1 35.00 3.09 3.9-2.9 
' 2. Riverview Stone 6 I 
Florissant, MO I 6.35-6.60 ' NA(3) 3-00 
- 
Material Co. 
3. Limestone Prod. 1 27.90 i 17.50 0 Corp. Sparta, NJ ! NA 
I 
i 4. Concrete Co. of Springfield, MO 10.25 1 NA 6.00-8.00 0 Springfield 
' 5. Marblehead linr 1 Pittsburgh Crystal, ( 
co . I MO I 16.00-18.00 52 6.00-8.00 3-25-2.9 
- i 6. .. .ov. ce,nt 
Springfield, MO 49 13.35 - 
4
Co. NA 
I 
' 7. Arkansas LLme Co. Batesville, AR 6.50 (4) 35 (4) NA 0 
4 
1 8. !4ississippi Lime 
I Co . ( St. Genevieve, K) li.75-15.25 33-33-50 1-75-2.25 2-9-2.2 
1 9. Linwood Stone I 2.25(5)- I 
Products Co. . Davenport, IA 10.50 39.50 3.03(6) 3.8 - 1 1 
I 13.05 39.60 
- 
Average 3.1 
' Standard Deviation 6.5 7-80 - 0.6 A 
(1) Based on a Burns and Roe survey of producers. 4 Transportation cost not included. 
(2a) 1/8" x 0" particle size. Omitted frm averages. 
(2b) Including transportation except where noted. (5) Uncovered barge. 
3 Not available. (6) Covered barge. 
Item 3 comparer the coats of on-rite reagent storaga. Greater 
storage and handling c o ~ t r  are asrociated with the additional pre- 
caution~ araociated with handling and rtoring the lime in Alter- 
native B. However, only about one-half the amount of lime compared 
to limeatone is involved. Overall, therefore, the comtr of the 
limestone and lime storage and handling ryrtemo are expected to be 
about the same, ar indicated. Similarly, the rtorage and handling 
costs of Alternative C are anticipated to be sbtct the same ar that 
of Alternative A, although, slightly more limestone is expected to 
be required to account for the slightly l o w r  r~crubbing efficiency 
of limestone compared with lime. 
Compariron of Items 1, 2 and 3 in table XXI leads to the con- 
clusion that Alternative C is significantly less costly than the 
other two. Moreover, adding the cost components of Items 4-8 is 
not expected to alter thia result. The costs of the equipment, 
associated piping and waste processing and storage for Items 4-8 
of Alternative C are all tstimated to be slightly greater that! the 
corresponding costs for Alternatives A and B. This is due to the 
larger quantities of limestone that arc required for the scrubber 
in Alternative C to achieve the bame scrubbing efficiency as the 
lime processes in Alternatives A and B. However, it is estimated 
that the sum of the additional costs associated with these items 
will not be of a magnitude to overcome the 55 percent cost advantaoc 
over Alternative A or the 2 5  percent cost advantage over Alternative 
B. Based on cost, Alternative C i c  the most attractive. 
In addition, a recent report 01. the  status of flue gas desul- 
furization in the United States (Ref. A101 states that there in an 
increasing preference in the utility industry for the utilization 
of limestone over lime. This preference has been bolstered by the 
success of limestonc systems in achieving 90 percent SO2 scrubbing 
efficiency (Ref. A101 , dispelling the concern that 90 percent ef f i- 
cicncy might not be achievable using limestone. As of the beginning 
of 1979, for example, limestone systems constituted approximately 59 
percent of the opexating scrubbing capacity, SO percent of the capa- 
city under construction, and 77 percent of that planned. Also, 
limestone quarries are available in most areas in the United States 
but lime manufacturing plants are less widely distributed. 
Based on the foregoing considerations, Alternatives A and B, 
using on-site manufactured lime and purchased lime, respectively, I 
were dropped, and the Reference Plant designed on the basis of 
Alternative C, utilization of limestone directly. 
I 
I 
I 
I 
I 
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A 3 . 0  REHEAT OF STACK GAS: METHOD--SELECTION PREFERENCE 
In the ECAS steam plant, air, which has beon indirectly heated 
with extraction steam, is blended with the combustion gas leaving 
the scrubber to reheat the gas before it enters the stack. This 
method of reheating the gas is jnefficient compared to using a 
steam/flun gas heat exchanger. Using such a heat exchanger was 
rejected because of the corrosiveness of the flue gas at the tem- 
peraturc at which it would entez the heat exchanger. 
Question: Should the indirect heating air blending method of 
stack gas reheat be retained? Reassess the reheat method including 
the possibilities of using a heat exchanger or a combination of heat 
exchanger and air blending. 
A 3 . 1  Summary and Conclusions 
It is concluded that the indirect (steam-air) method of stack 
qas reheat uscd in the ECAS study is acceptable and should be re- 
tained in the reference plant design until more experience is gained 
with alternative methods being utilized in new installations. Two 
other alternatives recently initiated in de*,elopment are waste heat 
recovery reheat and no reheat. The former provides the heat required 
for the indirect reheat method from energy in the combustion gases 
upstream af the air preheater rather than from steam. The latter 
requires no reheat energy, but does require a significantly larger 
stack compared to one with reheat. These alternatives may evolve 
into more attractive methods than the indirect method. However, 
insufficient information is available at this time on which to base 
a confident acceptance of either for the reference plant design. 
Table XXIV summarizes and compares the characteristics of the seven 
alternative stack gas reheat methods considered. The relative eco- 
nomic penalties of the energy losses associated with the different 
stack qas reheat methods are of course, important to their viability. 
The detailed study necessary to evaluate the economic penalties, how- 
ever, was beyond the scope of this assessment. 

A 3 . 2  Discuss ion  
Reheat  methods inc lude :  (1 )  I n - l i n e  ( d i r e c t  s team-f lue  g a s  h e a t  
I 
exchange) ,  ( 2 )  I n d i r e c t  ( s t eam-a i r - s t ack  g a s  h e a t  exchange) ,  ( 3 )  
h Combined i n d i r e c t  and i n - l i n e ,  ( 4 )  Direct combustion ( u s i n g  o i l )  , 
(5) F l u e  g a s  bypass ,  ( 6 )  Waste h e a t  r ecove ry  (combust ion gas -a i r -  
t s t a c k  q a s )  , and ( 7 )  No r e h e a t  ( w e t  s t a c k ) .  
Direct combustion w i t h  o i l  is n o t  i n  a c ~ o r d a ~ r c e  w i t h  t h e  F u e l  
Use A c t  and n a t i o n a l  p o l i c y  t o  r educe  t h e  u s e  of  o i l ,  and would be 
r e l a t i v e l y  expens ive  i n  view o f  t h e  a n t i c i p a t e d  p r i c e  o f  cil  i n  t h e  
f u t u r e .  T h i s  method was t h e r e f o r e  e l i m i n a t e d .  Method 5, f l u e  g a s  
bypass ,  would r e q u i r e  s e p a r a t e  t r e a t m e n t  o f  t h e  bypass  g a s  b e f o r e  
d i s c h a r g e  t o  t h e  a tmosphere .  T h i s  method was t h e r e f o r e  a l s o  elim- 
i n a t e d .  F i v e  remain ing  r e h e a t  o p t i o n s  a r e  c o n s i d e r e d  consequen t ly  
for a p p l i c a t i o n  t o  t h e  r e f e r e n c e  p l a n t :  i n - l i n e ,  i n d i r e c t ,  combined 
i n - l i n e  and i n d i r e c t ,  w a s t e  h e a t  r ecove ry ,  and no r e h e a t .  
H i s t o r i c a l l y ,  i n - l i n e  r e h e a t e r s  i n  w e t  SO2 s c r u b b e r  sys tems  
have been s u s c e p t i b l e  t o  c o r r o s i o n  and s o l i d s  d e p o s i t i o n ,  T h i s  
h a s  been a t t r i b u t e d  t o  i n e f f i c i e n t  o p e r a t i o n  of t h e  ups t ream s c r u b b e r  
m i s t  e l i m i n a t o r .  Developers  a t  some test f a c i l i t i e s  have found,  how- 
e v e r ,  t h a t  t h e  c o r r o s i o n  problems cou ld  be  c o n t r o l l e d  by employing 
more expens ive  h igh  a l l o y  m a t e r i a l s  such  as 316 and 316L s t a i n l e s s  
steels t o  f a b r i c a t e  t h e  r e h e a t  bund le s .  These m a t e r i a l s  have been 
no ted  to p r o v i d e  smoother  mat ing  s u r f a c e s ,  which r educe  t h e  occur-  
r e n c e  o f  c r e v i c e s  t h a t  can  act  as s i tes  f o r  bu i ld -up  o f  t h e  c o r r o s i v e  
a g e n t s ,  and h i g h e r  molybdenum c o n t e n t ,  which i n c r e a s e s  t h e  r e s i s t a n c e  
to  l o c a l i z e d  p i t t i n g  and c r e v i c e  fo rma t ion .  A s  a consequence,  i n  
sys tems  where min imiza t ion  of  ene rgy  usage  is of  pr ime impor tance  
and an i n - l i n e  system is f e l t  t o  be a n e c e s s i t y ,  it  h a s  been sug- 
g e s t e d  t h a t  t o  reduce  cost ,  t h e  r e h e a t  system be d i v i d e d  i n t o  h i g h  
a l l o y  and carbon  steel s e c t i o n s .  The more e x p e n s i v e  h i g h  a l l o y  I 
s e c t i o n  would b e  employed j u s t  downstream o f  t h e  SO2 s c r u b b e r ,  where I 
m o i s t u r e  condensa t ion  and a c i d i c  a t t a c k  would b e  most l i k e l y  t o  o c c u r .  
T h i s  s e c t i o n  would p r o v i d e  i n i t i a l  s u p e r h e a t  o f  t h e  f l u e  g a s  t o  p re -  
v e n t  any a d d i t i o n a l  condensa t ion  f u r t h e r  downstream where t h e  less 
expens ive  carbon  steel would be employed. 
Some success with thia approach has been reported, but more 
time and testing is necessary to prove its reliability under all 
conditions. Since reliability is a primary utility concern, the 
trend in the industry has been to avoid the use of in-line systems 
entirely and opt for indirect reheat. Based on this trend and the 
unresolved materials problems, use of in-line components in the 
reference plant is not recommended, and in-line reheat or a com- 
bination of in-line and indirect reheat is eliminated leaving in- 
direct, waste heat recovery, and no reheat as the remaining possible 
alternatives. 
The waste heat recovery alternative is a recent development 
which is similar to the indirect reheat alternative. It is based 
on the fact that if all or part of the reheat air energy can be 
supplied from a point in the plant cycle with heat of lower grade 
than the turbine extraction steam which is used in indirect reheat, 
more efficient plant operation will result. Based on the values 
presented in figure 2 of thc ECAS study (Ref. Al, p. 6). a 350P F 
( 4 5 0 ~  K) (or qreater) source would be required for the reference 
plant. This source would be sufficient to raise the temperature 
of the reheat air from 5g0 to 334O F (288O to 441° K) to provide a 
final stack qas temperature of 250' F (394' K) after mixing with 
the stack gas leaving the sulfur dioxide scrubber. 
An appropriate point in the plant cycle for the reheat air 
energy source would be just upstream of the air preheater where 
the heat in the combustion gas at 740' F (666O K) (Ref. Al, p. 11) 
could be employcd. The heat would be transferred in a regenerative 
heat exchanger to minimize the effects of the corrosive components 
of the combustion gas. 
Although this technology is promising for the future, only two 
plants employing it were in the planning stage at the time of this 
study (Ref. AlO) . As a result, little information was available 
with respect to its impact on the air preheater design, cperation 
and cost, operatinq temperatures downstream of the air preheater, 
boiler efficiency, and on the overall reliability of the plant. 
Acceptance of the technology for inclusion in the reference plant 
d e s i g n  cou ld  n o t  be made w i t h  conf idence .  The u s e  of waste h e a t  
recovery  r e h e a t  was t h e r e f o r e ,  e l i m i n a t e d  from f u r t h e r  c o n s i d e r a -  
t i o n  l e a v i n g  t h e  methods o f  i n d i r e c t  and no  r e h e a t  as t h e  remain- 
i n q  p o s s i b l e  a l t e r n a t i v e s .  
The no  r e h e a t  a l t e r n a t i v e  is a n o t h e r  r e c e n t  development. Its 
a t t r a c t i v e n e s s  is obv ious ,  s i n c e  i t  e l i m i n a t e s   he need to  d i v e r t  
any energy  from t h e  power c y c l e .  No r e h e a t ,  however, r e q u i r e s  a 
s i g n i f i c a n t  m o d i f i c a t i o n  of  t h e  e x h a u s t  s t a c k  c o n f i g u r a t i o n  and 
m a t e r i a l s  compared t o  a  s t a c k  preceded by r e h e a t .  For  example,  t o  
p reven t  p r e c i p i t a t i o n  of a c i d i c  vapor  i n  t h e  a tmosphere  e x t e r n a l  
t o  t h e  s t a c k ,  t h e  f low e n t e r i n g  t h e  s t a c k  is slowed by  e n l a r g i n g  
t h e  s t a c k  d i ame te r  by 20 v e r c e n t .  T h i s  a l l o w s  t h e  f l u e  g a s  more 
t i m e  t o  c o o l  and t h e  vapor  it c o n t a i n s  more t i m e  t o  condense on t h e  
s t a c k  w a l l s .  The condensa t e  t h e n  d r a i n s  t o  a poo l  a t  t h e  bottom 
where i t  is c o l l e c t e d  for d i s p o s a l .  The i n n e r  w a l l  o f  t h e  s t a c k  
must be l i n e d  w i t h  p r o t e c t i v e  a c i d  r e s i s t a n t  b r i c k  or r e s i s t a n t  
l i n e r ,  which is s u b j e c t  t o  d e t e r i o r a t i o n  a t  a  rate which is n o t  
known a t  p r e s e n t .  I n  a d d i t i o n ,  i n  some c a s e s ,  t h e  h e i g h t  of  t h e  
s t a c k  must be i n c r e a s e d  o v e r  t h a t  of a  s t a c k  preceded  by r e h e a t  
to  p rov ide  the buoyancy r e q u i r e d  f o r  d i s p e r s i o n  o f  c o o l e r ,  less 
buoyant e f f l u e n t  gas. 
Although a  few p l a n t s  have been b u i l t  employing no r e h e a t ,  
t hey  have a l l  i nc luded  a  p r o v i s i o n  f o r  r e h e a t  shou ld  it become 
neces sa ry .  T h i s  is i n d i c a t i v e  of t h e  c u r r e n t  l a c k  o f  c o n f i d e n c e  
i n  the long-term r e l i a b i l i t y  of  t h e  a l t e r n a t i v e .  S i m i l a r  t o  w a s t e  
h e a t  r ecove ry ,  thouqh,  t h e  technology  is promis ing  f o r  t h e  f u t u r e .  
However, l i t t l e  in fo rma t ion  is a v a i l a b l e  on which to  b a s e  a  c o n f i -  
d e n t  accep tance  of i t  for t h e  r e f e r e n c e  d e s i g n .  T h e r e f o r e ,  t h e  u s e  
o f  no reheat was e l i m i n a t e d  i n  f a v o r  of t h e  i n d i r e c t  r e h e a t  alter- 
native p r e s e n t e d  i n  t b e  ECAS s tudy .  
A4.0 EFFECT OF SULFUR DIOXIDE SCRUBBER ON PARTICULATE EMISSIONS I I 
The ECAS report is unclear about the effect of the scrubber on I 
particulate emissions. The particulate emissions figure given, I 
6 0.092 lb/10 Btu heat input, appears to be the particulate level 
leaving the electrostatic precipitator (ESP) and entering the scrubber. I 
(This figure may be obtained from the assumed ash removale: 25 per- 
cent of the total ash upstream of the ESP and 98.6 percent removal 
I 
efficiency in the ESP. The 98.6 percent ESP efficiency and the final 
ash of 0.75 percent of the total given on page 7 of the ECAS report 
(Ref. Al) are inconsistent. The 0.75 percent figure corresponds to 
an ESP efficiency of 99 percent). The report states that some of 
the particulate matter remaining in the flue gas after it leaves 
the ESP will be washed out in the scrubber. A demisting spray just 
before the gas leaves the scrubber is intended to minimize carryover 
from the scrubber, but the effectiveness of the method for removing 
particulate matter is not given. 1 
Question: What is the effectiveness of the scrubber on partic- 
ulate emission? Examine the effectiveness in light of the more 
stringent June 1979 EPA New Source Performance Standards for partic- 
ulate emissions. 1 
A4.1 Summary and Conclusions I 
The effectiveness of currently available mist eliminators is 
actively under industry study. Chevron and baffle-type configura- 
tions are increasing in popularity, but require further long-term 
testing. At the time the June 1979 NSPS were promulgated, the EPA 
indicated that they were of the opinion that the effectiveness of 
mist eliminators in removing particulates was adequate (Ref. All), 
but the data available were not conclusive. From measurements of 
liquid-only applications, the overall collection efficiency of 
chevron and baffle-type mist eliminators was estimated to be 85-90 
percent for particles 10 micrometers and larger (Ref. A13). Acid 
mist carryover (not containing particulates) was considered to be 
a problem only insofar as accurate monitoring of particulate emis- 
sions was concerned. However, acid mist carryover created by the I 
emission of moisture and the residual S O Z ,  SO3 and NO, allowed by 
the June 1973 NSPS, and not currently subject to the particulate 
emissions limitation, may be restricted in the future. For example, 
the EPA has recectly proposed (Ref. 14, pp. 51937-8) that a major 
emissions source (such as the reference coal-fired plent ) which 
emits more than 1 ton of sulfuric ccid mist per year, the de minimis 
(or insignificant) level, be subject to EPA approval and that best 
available control technology be employed in the plant design. In 
addition, if the source exceeds the 1 pq/m3 24-hour ground level 
sulfuric acid mist de minimis level, a detailed ambient air quality 
analysis would be required. The method of measurinq the sulfuric 
acid mist emissions still remains indefinite, however. To meet 
these sulfuric acid mist restrictions, additional stages of mist 
elimination may be required to achieve the desired effectiveness. 
If this turns out to be the case, improved mist eliminator effec- 
tiveness will be achievable probably only with an accompanying in- 
crease in system pressure drop and operating and maintenance costs. 
Nevertheless, improvements in mist eliminators are expected to be 
achieved with further research, design and development, The mist 
eliminators included in this study, or modifications of them, are 
expected to provide adequate particulate and acid mist collection 
to meet the June 1979 NSPS. 
As noted in section A4.0, the second paragraph on page 7 of 
the ECAS report (Ref. Al) contains some numerical inconsistencies 
concerning particulate removal in the ECAS reference plant. In 
particular, it states that, "The electrostatic precipitator with 
an efficiency of 98.6 percent, collects another 75 percent of the 
total ash, leaving only 0.75 percent in the gas flow to the wet 
scrubbers." This statement, to be consistent with numbers pre- 
sented later in the ECAS report, should read, "The electrostatic 
precipitator, with an efficiency of 98.6 percent, collects 98.6 
percent of the remaining ash, leaving only 1.05 percent in the gas 
flow to the wet scrubbers." 
I n  a d d i t i o n ,  s e v e r a l  o t h e r  numer ica l  i n c o n s i s t e n c i e s  were 
d e t e c t e d  i n  a few o f  t h e  p r o c e s s  diagrams and c h a r t s  p r e s e n t e d  i n  
t h e  ECAS r e p o r t .  They were i n v e s t i g a t e d  s o  t h a t  t h e i r  o r i g i n s  
could  be unders tood ,  t h e i r  o r d e r s  or magnitude de te rmined  and t h e i r  
p o s s i b l e  impact on t h e  d e s i g n  o f  t h e  modi f ied  Reference  P l a n t  esti- 
mated - a t  l e a s t  q u a 1 i t a t i v e l . y .  The impacts  o f  t h e  i n c o n s i s t e n c i e s  
on t h e  economics of t h e  ECAS s t u d y  and t h e  +design of  t h e  modi f ied  
p l a n t  appeared  to b e  sma l l .  A d e t a i l e d  check and e v a l u a t i o n  of a l l  
t h e  ECAS r e f e r e n c e  p l a n t  d e s i g n  p a r a m e t e r s  was r e q u i r e d  t o  a s c e r t a i n  
t h e  p r e c i s e  maqnitude of c o r r e c t i n g  t h e s e  i n c o n s i s t e n c i e s .  Such a 
check and o v a i l l a t i o n ,  however, w a s  beyond t h e  scope  o f  t h i s  a s s e s s -  
men t . 
The June  1979 NSPS (Ref. A l l )  s t a t e s  t h a t  measurements of p l a n t  
p a r t i c u l a t e  emis s ions  t o  cctnfirm compliance w i t h  t h e  EPA p a r t i c u l a t e  
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emiss ion  l i m i t  (0 .03 lb/10 Btu h e a t  i n p u t )  may b e  t a k e n  upstream of  
a w e t  SO2 s c r u b b e r ,  because e r r o r s  can b e  i n t r o d u c e d  by t h e  i n t e r -  
a c t i o n  o f  acid m i s t  c a r r y o v e r  w i t h  t h e  a v a i l a b l e  measuring equipment.  
However, t h i s  is  a c c e p t a b l e  o n l y  i f  p a r t i c u l a t e  c a r r y o v e r  from t h e  
sc rubbe r  is minimized by t h e  use  of  an e f f e c t i v e  m i s t  e l i m i n a t o r  a t  
t h e  o u t l e t  of t h e  s c r u b b e r ,  A ~ e v i e w  of  t h e  EPA s t a n d a r d s  (Ref. Al2) 
t h a t  a p p l i e d  a t  t h e  t i m e  of t h e  ECAS s t u d y  i n d i c a t e s  t h a t  measure- 
ments f o r  compliance t e s t i n g  could  n o t  b e  t a k e n  a t  a p o i n t  upstream 
of  t h e  SO2 s c r u b b e r  i n  t h e  ECAS r e f e r e n c e  p l a n t .  T e s t  measurements 
were r e q u i r e d  a t  t h e  s t a c k ,  making e f f e c t i v e  p a r t i c u l a t e  and m i s t  
e l i m i n a t i o n  more c r i t ica l .  Th i s  problem is  n o t  add res sed  i n  t h e  
ECAS r e p o r t  . 
A 4 . 2  Discuss ion  
The ECAS r e p o r t  is u n c l e a r  w i t h  r e g a r d  t o  t h e  expec ted  l e v e l  
of p a r t i c u l a t e  c o n c e n t r a t i o n  a t  s e v e r a l  p o i n t s  i n  t h e  r e f e r e n c e  
p l a n t  p r o c e s s  f low.  Confusion is c r e a t e d  t o  some e x t e n t  a t  t h r e e  
p l a c e s  i n  t h e  r e p o r t :  ( a )  t h e  second and t h i r d  pa rag raphs  on page 
7 ;  (b) t h e  s p e c i f i c a t i o n  o f  t h e  was t e  s t r eam v a l u e s  i n  f i g u r e  4 -- 
Convent ional  S t e a r  P l a n t  Flow - 860 Hwe (page 11); and (c) t h e  pro-  
c r s s  f l aw  & a r t s  a s s o c i a t e d  w i t h  t h e  Process  Flow Diagram o f  f i g u r e  7 
C .- I 
(pc7qc 1 5 ) .  The f i r s t  i t en  (a )  is d i s c u s s e d  i n  t h e  f o l l o w i n g  p a r a -  
qraphs,  t h e  s e c o n d  and t h i r d  items (b) and  ( c )  were c o n a i d e r e d  i n  
d c t a i l  b u t  a r e  n o t  d i s c u s s e d ,  s i n c e  t h e y  were found n o t  to  h a v e  a 
s i q n i f i c a n t  e f f e c t  on t h e  r e s u l t s  o f  c i t h e r  t h e  ECAS s t u d y  or t h i s  
s t u d y .  T h e r e  may b c  o t h e r  i n c o n s i s t e n c i e s  i n  t h e  ECAS r e f e r e n c e  
p l a n t  process f l o w s .  A d e t a i l e d  check and  e v a l u a t i o n  o f  a l l  the 
Erns r c f c r c n c e  p l a n t  d e s i g n  p a r a m e t e r s  would b e  r e q u i r e d  t o  make 
c e r t a i n  t h a t  t h e y  d o  n o t  s i g n i f i c a n t l y  impac t  t h e  i n v e s t m e n t  costs 
o f  t h e  r e f e r e n c e  p l a n t .  A r e v i e w ,  t o  locate and r e s o l v e  t h e  incon-  
s i s t e n c i e s ,  was o u t s i d e  t h e  s c o p e  o f  t h i s  assessment. Only t h e  
three i n c o n s i s t e n t  items n o t e d  b e f o r e  were checked.  
The s e c o n d  p a r a q r a p h  on page  7  o f  t h e  ECAS s t u d y  s ta tes :  
" S l a g  is removed from t h e  b o i l e r  f u r n a c e  b e n e a t h  
t h e  f i r i n q  zone ,  f l y  a s h  f rom a hopper  j u s t  be- 
f o r e  t h e  a i r  p r e h e a t e r .  These  s o l i d s  r e p r e s e n t -  
i n g  1 5  and 10 p e r c e n t  o f  t h e  t o t a l  a s h ,  r c s p c c -  
t i v e l y ,  a r c  s l u i c e d  t o  t h e  s l u d g e  pond. The 
e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  w i t h  an  c f f i c i e n c y  
o f  9b.6 p e r c ~ n t ,  collect a n o t h e r  75 p e r c e n t  of 
t h e  t o t a l  a s h ,  l e a v i n g  o n l y  0.75 p c r c e n t  i n  t h e  
qas f l o w  t o  t h e  w e t  s c r u b b e r s . "  
The p h r a s e  " c o l l e c t  a n o t h e r  75 p e r c e n t  of  t h e  t o t a l  a s h ,  
l c a v i n q  o n l y  0.75 p e r c e n t  ...," is i n c o n s i s t e n t  w i t h  t h e  r e m a i n d e r  
of  the p a r a q r a p h .  The f o l l o w i n q  r e v i s e d ,  expanded and more con- 
s i s t e n t  form o f  t h c  s t a t e m e n t s  is recommended as b e i n g  more p r e c i s e :  
S l a q  is removed from t h e  b o i l e r  f u r n a c e  b e n e a t h  t h e  f i r i n g  
zone,  f l y  a s h  from a hopper  j u s t  b e f o r e  t h e  p r e h e a t e r .  These  
so l ids ,  which r e p r e s e n t  15 and 10 p e r c e n t  by w e i g h t  (25  p e r -  
cent combined)  of the t o t a l  a s h ,  r e s p e c t i v e l y ,  a r e  s l u i c e d  to  
t h e  s l u d g e  pond. T h i s  l e a v e s  75 p e r c e n t  ( w t )  o f  t h e  t o t a l  
, a s h  ( a s  d u s t )  r e m a i n i n g  i n  t h c  gas f l o w  to  t h e  e l e c t r o s t a t i c  
p r c c i p i t a C o r s .  The e l e c t r o s t a t i c  p r e c i p i t a t o r s ,  w i t h  a n  
c f f i c i e n c y  o f  9 8 . 6  p e r c e n t ,  remove 9 8 . 6  p e r c e n t  ( w t )  of  t h i s  
r e m a i n i n g  d u s t  l e a v i n q  o n l y  1 .05  p e r c e n t  (i.e., 0.75 x  (1 - 
0 . 9 8 6 )  x  1 0 0 )  of t h e  t o t a l  a s h  i n  t h e  g a s  f l o w  t o  t h e  SO2 
I 
I s c r u b b e r s .  (The remaining p a r t  o f  t h i s  p a r a q r a p h  e x t e n d s  
I 
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t h e  o r i g i n a l  ECAS s t a t e m e n t s  f o r  comple t enes s ) .  T h i s  r e p r e -  
s e n t s  an o v e r a l l  p l a n t  s o l i d  w a s t e  (bot tom a s h  p l u s  f l y  a s h )  
removal e f f i c i e n c y  o f  98.95 p e r c e n t  (i.e., (1 - 0.0105) x 100)  
up  to. b u t  n o t  i n c l u d i n g ,  t h e  SO2 s c r u b b e r .  Noting t h a t  t h e  
t o t a l  a ~ h  is 9.6 p e r c e n t  of  t h e  c o a l  f i r e d  (Ref. A l ,  p. 8 5 ) ,  
t h a t  t h e  coal f i r i n g  rate is 730,570 l b / h r  (Ref. A l ,  p. 29) 
f o r  100 p e r c e n t  o p e r a t i o n  ( 2 5 0 ~  F (394' K) s t a c k  t e m p e r a t u r e ) ,  
and t h * ~ ?  t h e  c o a l  h e a t  v a l u e  is assumed to  be 10,788 B tu / lb  
(Ref. A 1 ,  p a  2 1 ,  t h e  p a r t i c u l a t e  l o a d i n g  of  t h e  988 f l o w  e n t e r -  
i n g  t h e  SO2 s c r u b b e r  is 736 l b / h r  (i.e., 730,570x0.096x0.0105), 
which is  about  1.8 p e r c e n t  g r e a t e r  t h a n  t h e  v a l u e  o f  723 l b / h r  
l i s t e d  on page 15  (uppe r  c h a r t ) ,  and t h e  r e l e v a n t  p a r t i c u l a t e  
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emis s ion  parameter  is 0.093 lb/10 Btu h e a t  i n p u t  (i.e., 736 x 
6 10 / (730,570 x 1 0 , 7 8 8 ) ) ,  which i s  abou t  1.1 p e r c e n t  g r e a t e r  
t h a n  t h e  v a l u e  of 0.092 lb,106 Btu h e a t  i n p u t  l i s t e d  i n  t a b l e  
20 (page 4 8 ) .  
A s  can  b e  concluded from t h e  ECAS r e p o r t ,  t h e r e f o r e ,  t h e  flow 
e n t e r i n g  t h e  SO2 s c r u b b e r  more than  meets t h e  ECAS s t u d y  0.1 lb/10 6 
Btu h e a t  i n p u t  p a r t i c u l a t e  emis s ion  l i m i t .  
The e f f e c t  of  t h e  s c r u b b e r  on t h e  f l y  a s h  p a r t i c u l a t e s  r e f e r r e d  
t o  i n  t h e  a s se s smen t  d e f i n i t i o n  i s  incomple t e ly  cons ide red  i n  t h e  
t h i r d  paragraph  on page 7 of t h e  ECAS r e p o r t .  T h i s  pa rag raph  s t a t e s  
t h a t  "The remaining f l y  a s h  w i l l  be washed o u t  of t h e  f l u e  gas . . .  
(by t h e  s c r u b b e r ) . "  I t  is a f a c t  t h a t  a d d i t i o n a l  p a r t i c u l a t e  removal 
w i l l  o c c u r  t o  some e x t e n t  i n  a  w e l l  de s igned  s c r u b b e r .  However, f o r  
d e s i g n  pu rposes ,  t h e  p e r c e n t  r e d u c t i o n  a l l o w a b l e  f o r  a s s e s s i n g  com- 
p l i a n c e  w i t h  t h e  June  1979 NSPS is s u b j e c t  t o  EPA approva l .  For 
example,  t h e  EPA has  r e c e n t l y  a l l owed  c r e d i t  t o  be t aken  f o r  removal 
of 80 p e r c e n t  of t h e  remaining p a r t i c u l a t e s  e n t e r i n g  a  w e t  SO2 
s c r u b b e r  for  a  proposed p l a n t  i n  Lou i s i ana  (Region VI). Whether 
t h i s  a l lowance  w i l l  be a c c e p t a b l e  fo r  a l l  r e g i o n s  of t h e  coun t ry  is 
n o t  known a t  t h e  p r e s e n t  t i m e .  
On t h e  o t h e r  hand, c a r r y o v e r  of e n t r a i n e d  p a r t i c l e s  of lime (or 
limestone) and ca lc ium s u l f a t e s  i n  t h e  s c r u b b e r  g a s  o u t l e t  i s  expec ted  
to offset the qly ash reduction. The extent to which the offset 
occurs is only indirectly referred to in the ECAS report by :he 
statement that "Carryover of the slurry and lime are avoided.,. 
(with a dcmisting spray at the scrubber exit)." According to 
the discussion in the preamble to the June 1979 NSPS, particulate 
carryover is not expected to be a problem, as illustrated by the 
following quote, "...overall particulate matter emissions, includ- 
ing sulfate carryover, are not increased by a properly designed, 
constructed, maintained and operated FGD (flue gas desulfurization) 
system" (Ref. All, page 33585). It should be noted that the quote 
does not indicate that the particulate emissions are expected to 
be reduced overall. It also must be recognized as being based 
only on data that were available at the time the June 1979 standards 
w e r ~  promulqatcd. At that time, few SO2 scrubbing systems designed 
6 to mcct the 0.03 lb/10 Rtu heat input particulate emission limits 
were in operation. Additional lonq-term testing is still required. 
For design purposes, a reasonably conservative assumption for 
the particulate emissions from the wet SO2 scrubber is that they 
arc not significantly affected by the scrubber. The extent to 
which this is true, however, still continues to be under study. 
Thc effectiveness of a wet scrubber to reduce or at least leave 
thc particulate emissions unchanqed depends on the effectiveness 
of the scrubber mist eliminator. 
Mist eliminators are actively under development, test and 
evaluation. Chevron and baffle-type configurations are the pre- 
dominant geometries employed in the U.S.A. (Ref. A10). It has been 
estimated, hased on application of similar collectors in other 
industries, that the collection efficiencies of chevron and baffle 
collectors are 85 to 95 percent for particles 10 micrometers and 
larger. Other geometries, such as wire mesh and gull wing also 
have been tested. Alterna-ively, an electrostatic collection tech- 
niquc has also been tried. Based on industry trends, the chevron 
and baff lo-type configurations appeai to be preferred. These con- 
fiqurntions provide simplicity and flexibility, relatively low 
pressure drop, easy access for maintenance and appear to have ade- 
quate particulate collection efficiencies to meet the June 1979 
NSPS requirements. 
Multiple stages have been found to be required for effective 
collection efficiency in many cases. This is accompanied by a 
slight increase in pressure drop. The number of stages required 
has also been found to be process sensitive, depending on whether 
lime or limestone is employed. Lime, for example, exhibits a 
greater reactivity than limestone, has a greater utilization and 
results in fewer unreacted particlea to be entrained. A 8  a result, 
a one-stage mist eliminator may be sufficient for a scrubber employ- 
ing lime. On the other hand, a two- to three-stage mist eliminator 
may be necessary for a scrubber employing limestane. 
The overall collection efficiency of chevron and baffle-type 
mist eliminators depends on particle size distribution of the mist, 
pressure drop, gas velocity, cleanliness of surface, and liquid-to- 
gas (L/G) flow rate. As the scrubber L/G ratio increases, the 
average particle size generated in the scrubber decreasee. As a 
result, the minimum velocity at which reentrainment occurs becones 
lower and the overall mist eliminator collection efficiency goes 
down. Similarly, as the gas velocity through the mist eliminator 
is increased, the average particle size decreases, decreuing the 
overall collection efficiency. Thus, the greater primary collec- 
tion efficiency that might be expected tt result from design for 
higher velocities (greater particle inertia) is offset by the de- 
creased collection efficiency of smaller particles. 
!listorically, mist eliminators have been susceptible to cor- 
rosion. Most suppliers now recommend the use of fiberglasn rein- 
forced plastics, polypropylene and corrugated plastics in place of 
stainless steels or other alloys. These nonmetallic materials arz 
relatively lightweight, not too expensive, not susceptible to cor- 
rosion, and provxde adequate resistance to high temperature excur- 
sions (Ref. A10). 
Some i n v e s t i g a t o r s  have s t a t e d  t h a t  m i s t  e l i m i n a t o r s  p r o v i d e  
e f f e c t i v e  s e p a r a t i o n  of p a r t i c u l a t e s  e n t r a i n e d  i n  l i q u i d  d r o p l e t s  
from t h r  g a s  f low i n  t h e  w e t  SO2 sc rubbe r  exhaus t  stream. However. 
bec,~ub,? of t h e  added complexi ty  t h a t  s o l i d s  add to  t h e  d e t e r m i n a t i o n  
of m l s t  e l i m i n a t o r  e f f i c i e n c y ,  the measurement of  performance of 
m i s t  e l f r n i n a t o r s  fo l lowing  w e t  SO2 s c r u b b e r  sys tems  h a s  been u n r e l i -  
a b l e .  A d d i t i o n a l  t e s t i n g  is needed t o  conf i rm t h e i r  long-term reli- 
a b i l i t y .  C r e d i t  f o r  b a r t i c u l a t e  c o l l e c t i o n  by m i s t  e l i m i n a t o r s ,  
t h e r e f o r e ,  must be t a k e n  c o n s e r v a t i v e l y .  
Mist e l i m i n a t o r s  a l s o  p r o v i d e  a c i d  m i s t  removal from t h e  f low 
t o  some e x t e n t .  However, t h e  a c i d  m i s t  removal is not comple te  and 
a f f e c t s  t h e  accuracy  of t h e  measurement of  t h e  p a r t i c u l a t e s  i n  t h e  
exhaus t  s t r eam by t h e  methods r e c m e n d e a  i n  t h e  June  1379 NSPS 
( R e f .  A l l ,  pgs.  33608-33609). Thut?, t h e  June  1979 NSPS (Ref. A l l )  
stdtes *-:]at due t o  t h e s e  errors, compliance w i t h  t h c  NSPS may be 
dctcrmincd by measuring t h e  p a r t i c u i a t e  emis s ions  p r e s e n t  i n  t h e  
f 1 ~w between t h e  o u t l e t  of t h e  p a r t i c u l a t e  m a t t e r  c o n t r o l  d e v i c e s  
(the e l e c t r o s t a t i c  p r e c i p i t a t o r  i n  t h e  c a s e  of  t h e  mod i f i ed  r e f e r -  
cncrl  p l a n t )  and t h e  i n l e t  t o  t h e  w e t  SO2 sc rubbe r .  The June  1979 
NSPS f u r t h e r  s t a t e s  t h a t  t h i s  l o c a t i o n  f o r  measurement of p a r t i c u l a t e  
emis s ions  w i l l  remain a p p l i c a b l e  u n t i l  a more a c c e p t a b l e  method t h a n  
t h o s e  c u r r e n t l y  a v a i l a b l e  f o r  measuring p a r t i c u l c t e  emission? i n  t h e  
exhaus t  stream of a w e t  s c r u b b e r  is developed.  I n  l i g h t  o f  t h e  
June  1979 NSPS, t h e r e f o r e ,  t h e  obserq*at ion t h a t  t h e  p a r t i c u l a t e  
emiss ion  v a l u e  l i s t e d  i n  t h e  ECAS r e p o r t  ( t a b l e  20, page 48, f o r  
example) r e p r e s e n t s  t h e  e m i s s i o n s  l e a v i n g  t h e  e l e c t r o ~ 3 ; c i c  p re -  
c i p i t a t o r  and e: . tering t h e  SO2 s c r u b b e r  is i n  compliance w i t h  c u r r e n t  
6 EPA p r - s t i c e ,  a l t hough  t h e  v a l u e  of ' .092 l b  S02/10 Btu h e a t  i n p u t  
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exceeds t h e  0.03 l b  S02/10 Btu heat. i n p u t  1979 NSPS requ i r emen t  by 
a c o n s i d e r a b l e  margin.  However, based on t h e  s t a n d a r d s  i n  e f f e c t  
a t  about  t h e  time of  t h e  ECAS s t u d y  (see f o r  example, Ref. A12, 
paragraphs  60 ,46(a)  ( 3 ) .  60.46 (b) , App. A - Methods 1 and 5 )  t h e  
measurement of p a r t i c u l a t e  emis s ions  shou ld  have been r e f e r r e d  t o  
t h e  e x i t  of t h e  SO2 s c r u b b e r ,  and n o t  t h e  e x i t  of  t h e  e l e c t r o s t a t i c  
p r e c i p i t a t o r ,  s i n c e  t h e  r ecamended  measurement t e c h n i q u e s  a t  t h e  
time required measurements downstream of the scrubber when the 
scrubber was located downstream of the particulate collector. 
A 5 . 0  CONTROT, OF NITROGEN OXIDES 
There does not seem to be any justification for the quoted 
NO emission level given in the ECAS report. The method of con- 
X 
trol is stated to Le staged combustion. 
Question: Is the staged combustion method of NOx reduction 
capable of meeting the more stringent June 1979 EPA NSPh NOx re- 
duction standard? A detailed NO analysis using current and pro- 
X 
posed available control techniques will be made. 
A5.1 Summary and Conclusions 
Based on the information available at t h e  time of promulgation 
of the June 1979 NSPS, and on the information that has become avail- 
able since then, methods of NOx control are available to meet the 
6 0.6 lb NOx/10 Btu heat input emission limit specified. These 
methods (see, for example, Ref. All, pages 33585-7), applied sep- 
arately or in combination (where possibl,. include staged combustion, 
reduction of excess air, reduction of heat release rate and use of 
low-~brr~sslon burners. Staged combustion is not singled out in the 
J u n r  1 $ 7 9  NSPS as the primary method of NOx control, as was done in 
thr !::AS report (Ref. Al). However, in all likelihood, staged corn- 
! .stlon, or a variant of it (such as turning down the fuel flow to 
upper combustor burners, increasing it to lower ones and at the same 
time increasing the airflow to upper burners), would have provided 
sufficient NOx control to meet the less restrictive 0.7 lb NOx/10 6 
Btu heat input specified for the ECAS study (Ref. Al). It is of 
note that none of the methods of NOx control mentioned requires any 
variation of the configuration of the ECAS reference plant to pro- 
vide compliance with the June 1979 NSPS. All variations are internal 
1 
to the boiler funace and, in most cases, are not expected to affect 
boiler overall performance. 
The factors on which NOx generation depend are basically the 
fuel-bound nitrogen content, combustion temperature and availability 
of excess air (i.e., oxygen). Other than selecting 3 fuel with a 
low nitroqen content, little can be done to alter the first of these 
factors. The second and third, on the other hand, can be adjusted 
to minimize NOx generation. 
The second factor, combustion temperature, involves control 
techniques to maintain a firing temperature below about 2 8 0 0 ~  F 
(1811° K) . Above this temeprature, thermql NOx formation is en- 
hanced, due to more efficient reaction of the nitrqen and oxygen 
in the air alone. Among the temperature control techniques are 
two-stage combustion, removing one or more burners from service, 
increasing the combustion zone size and installing low-NOx burners. 
These methods can potentially reduce NOx formation by anywhere from 
20 to 60 percent, depending on the fuel used. In some situations, 
however, use of these techniques requires a boiler derate, so care- 
ful evaluation is necessary before their application. 
The third factor, control of excess air, has a limited effect 
on NOx emissions. There is a practical lower limit below which com- 
bustion becomes incomplete and combustion efficiency is degraded. 
This limit is in the range of 7 to 10 percent excess air (corres- 
ponding to 1.5 to 2 percent excess oxygen) as compared to previously 
accepted power plant practice of employing 15 to 20 percent excess 
air (corresponding to 3 to 4 percent excess oxygen) for greater 
flame stability and assures completeness of combustion. In addition 
to reducing NOx emissions, reducing excess air is attractive since it 
reduces stack losses and the capacities oi the forced draft and pri- 
mary air fans and increases boiler efficiency. 
Along with the tech.-iques that control NOx during the conbustion 
process, flue qas treatment techniques, which treat the combustion 
gases downstream of the boiler, are receiving considerable attention. 
These techniques are expected to provide the levels of NOx reduction 
required to meet the lower emission limits expected in the future. 
A few methods are currently under development which reduce NOx ernis- 
sions by injecting ammonia into the flue gas in the presence of a 
catalyst. Depending on the specific catalyst and reactant concentra- 
tions employed, NOx emissions have been claimed to be reduced up to 
9 U  percent (Ref. A19). Although these methods are highly promising, 
they are at the frontiers of combustion technology and will require 
more e v a l u a t i o n  and s t u d y  b e f o r e  a c h i e v i n g  g e n e r a l  accep tance  by 
t h e  u t i l i t y  i n d u s t r y .  
A5.2 Di scuss ion  
A5.2.1 NOx m i s s i o n  L i m i t  C o n s i d e r a t i o n s  
The June  1979 NSPS NO, emis s ion  l i m i t  f o r  c o a l  combustion 
is based  p r i n c i p a l l y  o n  t h e  r e s u l t s  o f  EPA t e s t i n g  performed w i t h  
s i x  electric u t i l i t y  b o i l e r s .  These b o i l e r s  w e r e  r e p r e s e n t a t i v e  
of c u r r e n t  b o i l e r  d e s i g n s  and burned a v a r i e t y  of  b i tuminous  and 
subbi tuminous c o a l s  (Ref .  A l l ) .  The r e s u l t s  of t h e  t e s t i n g  i n d i -  
c a t e d  t h a t  t h e  most  e f f e c t i v e  t echn iques  f o r  NOx c o n t r o l  were 
s t a g e d  combustion ( a s  r e f e r r e d  t o  i n  t h e  ECAS r e p o r t ,  Ref. A l l ,  
reduced h e a t  r e l e a s e  r a t e ,  and reduced e x c e s s  a i r .  S p e c i a l l y  
des igned  low-emission b u r n e r s  were a l s o  found to  b e  e f f e c t i v e  i n  
c o n t r o l l i n g  NO, l e v e l s .  
I n  a d d i t i o n  to t h e  expe r imen ta l  t e s t  program, t h e  EPA a l s o  
c o n s i d e r e d  s t a t e m e n t s  made by t h e  major  manufac tu re r s  r e g a r d i n g  
t h e i r  a b i l i t y  t o  d e s i g n  equipment t o  meet t h e  proposed NOx s t a n d a r d .  
One ~ ~ a n u f a c t u r e r  gua ran teed  t h a t  i t s  ncw b o i l e r s  would meet, wi th-  
6  
ou, a d v e r s e  s i d e  e f f e c t s ,  t h e  0.6 l b  NOX/10 Btu h e a t  i n p u t  emis s ion  
l i m i t  p roposed ,  and two o t h e r s  gua ran teed  t h a t  t h e i r  new b o i l e r s  
would n o t  on ly  meet t h e  0.6 l b  ~ 0 , / 1 0 ~  Btu h e a t  i n p u t  l i m i t ,  b u t  
6  
would a l s o  meet t h e  more r e s t r i c t i v e  0 .45  l b  NOx/10 Btu h e a t  i n p u t  
S t a t e  of N e w  Mexico e m i s s i o n s  l i m i t  (Ref. A l l ) .  
Fur thermorc ,  t h c  d a t a  a v a i l a b l e  a t  t h e  t i m e  t h a t  t h e  1979 
NOx s t a n d a r d s  were i n i t i a l l y  proposed ,  i n d i c a t e d  t h a t  NOx emis s ion  
6  l e v e l s  below 0.5 l b  NO /10 Btu h e a t  i n p u t  were a c h i e v a b l e  w i t h  a  
X 
v a r i e t y  of  c o a l s  burned i n  b o i l e r s  made by t h e  major  manufac tu re r s .  
Evcv lower l e v e l s  were cons ide red  t o  be a c h i e v a b l e  by employing f l u e  
g a s  t r ca t rnen t - - in j ec t ing  ammonia i n t o  t h e  f l u e  g a s  stream i n  t h e  
prcEence of a  c a t a l y s t .  However, s i n c e  ammonia i n j e c t i o n  was n o t  
a d c q u a t e l y  demons t ra ted  on f u l l - s i z e  u t i l i t y  b o i l e r s  a t  t h e  t i m e  
of promulga t ion  of t h e  1979 NSPS, i t  had o n l y  minimal i n f l u e n c e  on 
t h e  NOx s t a n d a r d s .  
Several utilities and boiler manufacturers indicated concern 
that accelerated boilar tube corrosion might occur during low-NOx 
operation. The severity of the corrosion was expected to vary with 
the coal sulfur content. Corrosion during the combustion of high- 
sulfur bituminous coal was expected to be particularly aggravated, 
due to the presence of the reducing atmosphere that is sometimes 
associated with low-NO operation. However, based on the data 
X 
obtained during the EPA testing, indications were that tube cor- 
rosion did not significantly increase during low-NO operation. 
X 
These results could not be considered conclusive since the testing 
was carried out over relatively short periods of time ( 3 0  days 
maximu~l, and in one case, the boiler tested was an older style 
retrofitted with experimental low-emission burners. More testing 
is expected before any definitive conclusions are made concerning 
the ctfcct on corrosion of low-NOx operation with high sulfur coals. 
To allow for the possibility of aggravated corrosion during 
low-NOx operation with high sulfur coal, the EPA specified a higher 
6 NOx emission limit of 0.6 lb NOx/10 Btu heat input for high sulfur 
coal. Similarly, since low sulfur subbituminous coal was expected 
to have a smaller effect on corrosion, during low NO operation, 
6' the EPA set a lower emission limit of 0 . 5  lb NOx/10 Btu heat input 
for low sulfur subbituminous coal. 
Several studies also indicated that NOx emissions during the 
combustio~~ of coal-derived fuels, such as liquid solvent-refined 
coal and low Rtu synthetic gas, might be higher than those from 
petroleum oil or natural qas, because these coal-derived fuels have 
higher bound-nitrogen-approaching levels in coal rather than in the 
naturally occurring oil and gas. To account for this possibility, 
the EPA set the emission limit for liquid and gaseous fuels derived 
6 fr3m coal at 0.5 lb NOx/10 Btu heat input rather than at the 0.3 
6 
or 0.2 lb Nox/10 Btu heat input value for the naturally occurring 
liquid and gaseous fuels. Corrosion and other boiler problems are 
expected to occur during low-NO operation with these fuels because 
X 
of their low sulfur and ash contents. 
I 
Based on the foregoing considerations, it is evident that 
the EPA set the June 1979 NSPS NO, emission limits at levels with 
which industry could realistically comply. Implementation of the 
means of meeting the limits in new facilities burning high sulfur 
bituminous coal, such as considered in this study, would be pro- 
vided by the boiler manufacturers and would not require any NO, 
control components external to the boiler. 
A5.2.2 NOx Formation and Control Technical Considerations 
To provide an understanding of the options available for 
meeting the 1979 NSPS NOx standards, and those available for meet- 
ing possible future ones, the following discusses the various con- 
siderations involved in NO formation and control. 
X 
The formation of NOx is dependent upon operating conditions 
and the amount of nitrogen present in the combustion process. 
Nitrogen is found in both the fuel and the air used to support the 
combustion. Air, for example is comprised of 76.85 percent (by wt) 
nitrogen. This means that for every 1 lb of oxygen required to 
support combustion, 3.32 lb of nitrogen are present. Although not 
directly involved in the combustion process, this nitrogen is a 
potential source of NOx formation. 
To assure the complete combustion of coal, it is necessary to 
introduce the fuel into the furnace in the smallest practical size. 
This is achieved by pulverization which breaks the coal into a 
powdery consistency. In this form it i= conveyed by the primary, 
or motive, air into the furnace. The combustion process which then 
takes place in the furnace can be divided into three stages 
1. Devolatilization during which matter is driven from the 
-
coal particles in the form of gas or tar as the particles 
are heated. During this stage some of the fuel-bound 
nitrogen is released, while the remainder is retained 
in the char. 
2. Gaseous combustion during which the gaseous fuel produced 
in the devolatilization stage is burned with oxygen in 
the combustion air. This occurs providing ignition con- 
ditions are met. 
3. Solid burn out during which the char, remaining after 
devolatilization, and the solids, resulting from the 
gaseous combustion, are oxidized. 
The fuel-bound nitrogen, oxidized during the combustion of the 
gaseous and solid components, forms nitric oxide (NO). This NO 
is further oxidized to form nitrogen dioxide (NOZ). At high com- 
bustion temperatures, the normally inert nitrogen present in the 
combustion air also reacts with the oxygen in the air to form NO. 
This is generally referred to as thermal NOx, and its formation 
becomes particularly effective at above 2 8 0 0 ~  F (1811' K) . 
NOx control in a coal-fired steam generator can be broken 
into three methods: combustion temperature control, flue gas 
treatment and operating practices. 
As already noted, NOx formation is enhanced significantly 
when combustion temperatures are higher than 2800° F (1811° R). 
The intent of combustion temperature control, therefore, is to 
maintain temperatures below 2800° F (1811° K) to minimize NOx 
formation without adversely affecting the heat release rates in 
the furnace. The techniques most commonly applied to coal-fired 
steam generetors to achieve this are: using two-stage combustion, 
removing one or more burners from service, increasiqg the combus- 
tion zone and installing specially designed low NOx burners. For 
two-stage combustion, combustion air is delivered at two points. 
The first is at the burner, where the combustion temperature is 
at its peak. The air flow is controlled to provide 90 to 95 per- 
cent of the theoretical stoichiometric requirements resulting in 
a fuel-rich mixture. Fuel-bound nitrogen is released here as 
molecular nitrogen (N*), and partial combustion takes place. The 
second delivery point is downstream of the burner where the tem- 
perature is lower and combustion is completed. The net resuit is 
the reduction of NOx emissions by 30 to 50 percent (Ref. A 1 5 ) .  
The two-stage combustion technique has been well tested in the 
field and has indicated that there can be essentially no boiler 
performance degradation associated with its use. 
S i m i l a r  NOx r e d u c t i o n  can b e  ach ieved  by removing bu rne r s  
from s e r v i c e .  T h i s  i s  b a s i c a l l y  ano the r  form of two r t a q e  combur- 
t i o n  which is  accomplished by s h u t t i n g  down t h e  p u l v e r i z e r  supply 
t o  one o r  more of t h e  upper  l e v e l  burners .  E f f e c t i v e l y ,  t h i s  tech-  
nique t r a n s f e r s  a d d i t i o n a l  l oad ing  to  t h e  b u r n e r s  l e f t  i n  service 
i f  t h e  h e a t  i n p u t  is to  remain t h e  same. I n  t h i s  t echn ique ,  t h e  
lower bu rne r s  p a r t i a l l y  combust a f u e l - r i c h  mix tu re  and t h e  upper  
l e v e l  bu rne r s  p rov ide  t h o  second s t a g e  combustion air  to complete 
t h e  process .  The a t t r a c t i v e n e s s  of  t h i s  t echnique  is t h a t  i t  can 
be r e a d i l y  r e t r o f i t t e d  t o  an e x i s t i n g  b o i l e r  w i t h  minimal hardware 
changes. However, i n  many cases t h e  lower burne r s  cannot  accornmo- 
d a t e  t h e  e x t r a  f u e l  f low,  which r e s u l t s  i n  t h e  requirement  t h a t  t h e  
b o i l e r  be d e r a t e d  perhaps  10 to 25 p e r c e n t .  
Staged combustion e f f e c t i v e l y  i n c r e a s e s  t h e  combustion zone, 
a s  t h e  second s t a g e  of combustion t a k e s  p l a c e  i n  an extended r eg ion  
of  t h e  fu rnace  i n c r e a s i n g  t h e  flame l eng th .  This  e f f e c t  can a l s o  be  
achieved by sp read ing  t h e  bu rne r s  v e r t i c a l l y ,  e n l a r g i n g  t h e  fu rnace ,  
us ing  t a n g e n t i a l l y  o r  corner-f  i r e d  d e s i g n s ,  o r  us ing  an over-f i r e  
a i r  system. The o v e r - f i r e  a i r  system p rov ides  f o r  t h e  i n t r o d u c t i o n  
of up  t o  20 p e r c e n t  of t h e  combustion a i r  above t h e  lowes t  f u e l  
admission nozz l e s .  S ince  ex t end ing  t h e  flame l e n g t h  ex tends  t h e  
combustion zone t o  h i g h e r  e l e v a t i o n s ,  it  may r e s u l t  i n  e x c e s s i v e  
steam and tube  tempera tures  i n  a r e t r o f i t  s i t u a t i o n  r e q u i r i n g  addi -  
t i o n a l  s u p e r h e a t  a t t empera t ion .  The o v e r - f i r e  system has been 
demonstrated t o  be capab le  of reduc ing  N g x  30 t o  50 p e r c e n t  i n  
c o a l - f i r e d  b o i l e r s  (Ref.  AlS) .  
The development o f  low NOx burne r s  is about  t e n  y e a r s  o l d  
and may be  cons idered  to  be e n t e r i n g  an  advanced s t a g e  of develop- 
ment. The des ign  of t h e  low-NOx burner  p rov ides  a f u l i  r i c h  atmos- 
phere  f o r  t h e  i n i t i a l  combustion s t a g e  and reduces  t h e  f lame turbu-  
lence t o  c o n t r o l  t h e  a i r / f u e l  mixing r a t i o .  The EPA has  sponsored 
t e s t i n g  of one t y p e  of  low-NOx burner  (Ref. 1\16), which is  r e p o r t e d  
6 t o  have maintained NOx emiss ions  below 0.2 lb/10 Btu i n  a c o a l -  
f i r e d  f a c i l i t y .  T e s t i n g  was w i t h  an expe r imen ta l  s i n g l e  burner  
6 
s y s t e m  o p e r a t i n g  a t  105  x  1 0  Btu /h r .  One m a n u f a c t u r e r  c l a i m s  an 
e f f e c t i v e  47 p e r c e n t  r e d u c t i o n  i n  NOx e m i s s i o n s  w i t h  t h e  u s e  o f  i t s  
low-NOx b u r n e r  d e s i g n  (Ref. A17). 
The d e s i g n s  o f  t h e s e  two low-NO, b u r n e r s  v a r y  i n  d e t a i l ,  b u t  
t h e i r  o v e r a l l  c o n c e p t s  a r e  s i m i l a r .  A c e n t r a l  f u e l - r i c h  zone i s  
e s t a b l i s h e d  and s e c o n d a r y  a i r  i s  i n j e c t e d  t h r o u g h  an  a n n u l u s  around 
t h e  c e n t r a l  zone.  T e r t i a r y  a j r  i s  i n j e c t e d  from t h e  f u r n a c e  w a l l .  
S w i r l  i s  p r o v i d e d  a t  p r i m a r y  and s e c o n d a r y  f e e d  p o i n t s  t o  c o n t r o l  
t h e  l e n g t h  end w i d t h  o f  t h e  f l ame .  I n  e x p e r i m e n t a l  tests (Ref.  A l B ) ,  
i t  was found t h a t  NO e m i s s i o n s  f o r  t h r e e  b u r n e r  s i z e s  ( 1 2 ,  50 and 
6 X 6 100 x  10  B t u / h r )  were below t h e  e q u i v a l e n t  of  0.2 l b / 1 0  Btu  h e a t  
i n p u t .  T h i s  is a b o u t  67 p e r c e n t  less t h a n  t h e  1979 NSPS l i m i t  of  
6 0.6 lb /10  Btu  h e a t  i n p u t ,  f o r  c o a l  f i r e d  p l a n t s .  
With t h e  development  o f  t h e  low-NOx b u r n e r ,  most  new u t i l i t y  
b o i l e r s  a r e  e x p e c t e d  t o  b e  a b l e  t o  meet c u r r e n t  NOx e m i s s i o n  s t a n d a r d s .  
Ifowever, f u t u r e  more r e s t r i c t i v e  s t a n d a r d s  may r e q u i r e  a d d i t i o n a l  
m o d i f i c a t i o n s  or f l u e  g a s  t r e a t m e n t  e x t e r n a l  t o  t h e  b o i l e r ,  which is 
d i s c u s s e d  n e x t .  I t  i s  n o t e d  t h a t  t h e  s t r i n g e n t  NOx e m i s s i o n  l i m i t  
i n  J a p a n ,  less t h a n  h a l f  o f  t h a t  p e r m i t t e d  i n  t h e  USA, h a s  r e s u l t e d  
i n  t h a t  c o u n t r y  b e i n q  t h e  most  advanced i n  f l u e  q a s  t r e a t m e n t  t e c h -  
nology (Ref .  A19). J a p a n  h a s  t h e r e f o r e  p r o v i d e d  a  p r i m a r y  s o u r c e  of  
i n f o r m a t i o n  c o n c e r n i n q  f l u e  g a s  t r e a t m e n t .  
Two t y p e s  o f  f l u e  q a s  ( o r  p o s t  combus t ion)  t r e a t m e n t  a r e  c u r -  
r e n t l y  b e i n g  deve loped :  s e l e c t i v e  c a t a l y t i c  r e d u c t i o n  (SCR) and 
n o n c a t a l y t i c  r e d u c t i o n .  Of t h e s e  two,  t h e  s e l e c t i v e  c a t a l y t i c  reduc-  
t i o n  p r o c e s s  h a s  a c h i e v e d  t h e  g r e a t e s t  s u c c e s s  t o  d a t e .  T h i s  process 
h a s  been  d e v e l o p e d  i n  d i f f e r e n t  forms e a c h  o f  which is b a s e d  on  t h e  
a f f i n i t y  o f  ammonia ( N H 3 )  t o  combine w i t h  NOx i n  t h e  f l u e  g a s .  The 
b a s i c  r e a c t i o n s  t h a t  o c c u r  a r e  
c a t a l y s t  4NH3 + 4N0 + O2 -. 4N2 + 6H20 
4 N H 3  + 2N02 + O2 c a t a l y s t  
A s  a p p r o x i m a t e l y  95 p e r c e n t  o f  t h e  NOx i n  t h e  f l u e  g a s  i s  i n  
t h e  form o f  NO, t h e  f i r s t  o f  t h e s e  r e a c t i o n s  p r e d o m i n a t e s .  The SCR 
- 
A - -  
p r o c e s s  r e q u i r e s  a r e a c t o r ,  a  c a t a l y s k  and a n  anunonia s t o r a g e  and 
i n j e c t i o n  sys tem.  The a d d i t i o n a l  p r e s s u r e  d r o p  across t h e  r e a c t o r  
c r e a t e s  t h e  need f o r  a d d i t i o n a l  b o i l e r  f a n  c a p a c i t y  w i t h  accompany- 
i n g  sys tem e n e r g y  l o s s e s .  The optimum t e m p e r a t u r e  f o r  t h e  NH3/NOx 
r e a c t i o n  w i t h  n o  c a t a l y s t  i s  a b o u t  1 8 5 0 ~  F ( 1 2 0 3 ~  K). The c a t a l y s t ,  I 
though,  r e d u c e s  t h i s  t e m p e r a t u r e  to  600' to  8 0 0 ~  F (58g0 t o  700° K), 
I and p e r m i t s  t h e  reactor t o  b e  p l a c e d  between t h e  boiler economizer  
and p r e h e a t e r .  The c a t a l y s t  used i n  t h e  p r o c e s s  is p r o p r i e t a r y  w i t h  
meta l -based  o x i d e s ,  t i t a n i u m  o x i d e  and vanadium p e n t o x i d e  b e i n g  t h e  
most  p r e f e r r e d .  Al though t h i s  p r o c e s s  h a s  been  d e m o n s t r a t e d  to  re- 
move up t o  90 p e r c e n t  of  t h e  f l u e  g a s  NOx, i t  is  n o t  w i t h o u t  problems.  
The most  d i f f i c u l t  o f  t h e s e  i n c l u d e  p o i s o n i n g  of t h e  c a t a l y s t  by  f l u e  
g a s  c o n s t i t u e n t s  ( p a r t i c u l a r l y  SOx), p l u g g i n g  o f  t h e  r e a c t o r  w i t h  
f l u e  gas p a r t i c l e s ,  and f o r m a t i o n  o f  ammonium s u l f a t e  and b i s u l f a t e ,  
which a r e  h i g h l y  c o r r o s i v e ,  and t h e i r  d e p o s i t i o n  on t h e  a i r  p r e h e a t e r .  
T o  overcome t h e s e  p rob lems ,  w o r k  is i n  p r o g r e s s  t o  d e t e r m i n e  optimum 
I r e a c t o r  d e s i g n s  ( f i x e d  and moving bed ,  p a r a l l e l  f l o w ) ,  d e v e l o p  p o i s o n  
r e s i s t a n t  c a t a l y s t s  and d e v e l o p  methods t o  a v o i d  t h e  f o r m a t i o n  of t h e  
c o r r o s i v e  p r o d u c t s .  
Similar t o  t h e  s e l e c t i v e  c a t a l y t i c  r e d u c t i o l ~  methods o f  NOx 
c o n t r o l ,  t h e  n o n - c a t a l y t i c  r e d u c t i o n  methods are also based on t h e  
r e a c t i o n  between ammonia and NOx t o  p roduce  n i t r o g e n  and w a t e r  (Refs .  
A20 and A21). The r e a c t i o n  is enhanced by t h e  p r e s e n c e  of  oxygen 
w i t h i n  a c r i t i c a l  t e m p e r a t u r e  range .  The b a s i c  r e a c t i o n s  t h a t  o c c u r  
a r e  
1 
C--- 4N0 + 4NH3 + O2 r4NZ + 6H20 
4NH3 + SO2- 4 N 0  + 6H20. 
I 
The former  r e a c t i o n  p redomina tes  r +  t e m p e r a t u r e s  around 1750° F 
( 1 2 2 7 ~  K) , whereas  t h e  la t ter  one domina tes  around 2 0 0 0 ~  F ( 1 3 6 6 ~  K) . 
I Below 1600° F ( 1 1 4 4 ~  K1, t h e  r a t e s  of  b o t h  r e a c t i o n .  d r o p  o h a r p l y ,  
and t h e  NH3 f l o w s  t h r o u g h  u n r e a c t e d .  The p o i n t  o f  NHJ i n j e c t i o n ,  
t h e r e f o r e ,  h a s  t o  be c a r e f u l l y  s e l e c t e d ,  and  p r o v i s i o n s  must b e  made 
172 
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to account for temperature changes due to fuel fluctuations, load 
changes, ash deposition, etc. Multiple or mobile injection points 
and the jajection of hydrogen, which has been found to lower the 
optimum temperature range, have been applied with some rruccers. 
The most notable non-catalytic reduction system in commercial 
use is based on the Exxon DeNOx Process (Ref. A20); one mystem is 
installed in Japan. This system is claimed to have achieved a NOx 
reduction of 70 percent. There have also been five test systems 
installed in the U.S.A. on 130 to 800 MWe plants firing bituminous, 
subbituminous and lignite coals (Ref. A22). These test systems 
have indicated that with the Thermal DeNOx Process alone, the June 
1979 NSPS for NOx could be complied with on a11 units. In combina- 
tion with combustion modifications, all but the lignite fired plant 
6 
achieved emissions in the 0.3 to 0.4 lbs/lO Btu heat input range, 
which represented NOx reductions of 62 to 76 percent. 
As noted earlier, low excess air can also be used to provide 
NO, control. This is an example of control by means of modified 
operating practices. The formation of NOx during the combustion 
process is dependent upon the oxygen available. In normal practice, 
the combustion air is maintained above the stoichiometric require- 
ment by about 15 to 20 percent (i.e., above the stoichiometric oxygen 
requirement by about 3 to 4 percent). Operation with less air tends 
to reduce the formation of NOx. In addition, it produces other bene- 
ficial effects such as a reduced heat loss up the stack and fan 
horsepb~e~. Ii,  older installations, there was a practical limit 
below which the excess air could not be reduced. Dropping below 
this limit caused incomplete combustion and degraded combustion effi- 
ciency. It was found that the minimum excess air limit varied for 
each installation and could be determined in the field by analyzing 
flue gas CO content as the excess air was reduced. Aa the low excess 
air limit was in the neighborhood of 1.5 percent, NOx control by this 
effect was mall compared to the methods previously discussed. 
In the light of the foregoing, flue gas treatment holds pro- 
mise for meeting future more restrictive NO standards. Hcwever, it 
X 
introduces added complexity in to  plant operrtion and maintenance 
and a f f e c t s  plant r e l i a b i l i t y .  Before it gain. general acceptance 
by the u t i l i t y  iaduatry, therefore, additional testing and evaluation 
w i l l  be required. 
Appendix B 
Method of Cost Escalation 
Ercalation of costs from the mid-1975 valuer presented in the 
ECAS report (Ref. Al) to the mid-1971 valuer prerented in thin 
report was carried out in a straightforward manner by applying 
appropriate escalation factors derived from the Handy-Whitman 
Index of Public Utility Construction Cortr (Ref. A23) to each 
Federal Energy Regulatory Conmission (FERC) Account. Table XXV 
lists the midL1975 and mid-1971 Handy-Whitman indicer for each 
account and the associated escalation factor computed as the 
ratio of the mid-1978 value to the mid-1975 one. 
TABLE XXV. - ACCOUNT FACTORS USED TO ESCALATE THE ECAS 
REFERENCE POWER PLANT COSTS FROM MID01975 TO 
MID-1978 FOR A PLANT LOCATED IN "MIDDLETOWNm 
IN THE NORTH CENTRAL REGION OF THE U.S.A. 
Account Title 
Land and Land Rights 
Structures and Improve- 
ments (average) 
Boiler Plant 
Steam Turbine-Generator 
and Auxiliaries 
Accessory Electric 
Equipment 
Miscc 1 laneous Power 
Plant Equipment 
Transmission Plant 
Handy-Whitman 
Index (Ref. A 2 3 )  
The Handy-Whitman indices are developed by Whitman, Requardt 
scalation 
- Not included in study - 
and Associates of Baltimore, Maryland, and include, among other 
things, the prices of basic materials such as cement, sand, gravel, 
Mid-1975 1 Mld-19 I8 \ actor I 
384 
398 
272 
445 
495 
346 
1.16 
1.24 
1.27 I 
pipe, wire, etc., obtained from publicationm nuch a8 the "Engineer- 
ina News Record (Ref. A 2 4 ) ; "  labor rates, obtained from sources 
such an the U.S. Department of Labor, contractorso associations and 
labor unions; and equipment costs obtained from nationally recoq- 
nized manufacturers. 
In computing the indicem, the basic proportions of materials, 
labor and equipment included are based on value analyses, denign 
assignments and data furv4shed to Wfritman, Requardt and As~ociates 
by utility and industr,,~ sources participating in the index develop- 
ment. The data are reportedly reviewed an a regular basis and 
wcijhtings and components are rcviied periodically to assure that 
the published figures reflect current contractor practices. 
To atcount for differing cost trends throughout the 48 cono 
tiquous states, the Handyowhitman indices are calculated for six 
geographic regjons having generally similar characteristics within 
their boundaries. The six regions are the North Atlantic, South 
Atlantic, North Central, South Central, Plateau (southwest) and 
pacific. As noted in section 3.0, the characteristic of the North 
Central region were adopted for the purposes of this study. 
Appendix C 
Reference T a b l e s  
T h i s  appendix c o n t a i n s  c o p i e s  of  t h e  t a b l e s  on which t h e  cost 
e s t i m a t e s  f o r  t h e  ECAS and modi f ied  r e f e r e n c e s  p l a n t s  a r e  based. 
These t a b l e s  were f i r s t  pub l i shed  i n  t h e  "Energy Conversion A l t e r -  
n a t i v e s  Study (ECAS) Conceptual  Design and Implementat ion Assessment 
of a U t i l i t y  Steam P l a n t  With Convent iona l  Furnace and W e t  Lime 
Stack  Gas Scrubbe r s  ( R e f .  Al l . "  T a b l e  X W I  l ists t h e  b a l a n c e  o f  
p l a n t  equipment c h a r a c t e r i s t i c s  f o r  t h e  250° F (394' K) s t a c k  g a s  
r e h e a t  t empera tu re  case, and t a b l e  XXVII lists t h e  co r r e spond ing  
i n s t a l l a t i o n  and b a l a n c e  of p l a n t  m a t e r i a l s  costs. S i m i l a r l y ,  t a b l e  
XXVIII l ists t h e  b a l a n c e  of p l a n t  equipment c h a r a c t e r i s t i c s  f o r  t h e  
175' F (353' K) s t a c k  g a s  r e h e a t  t empera tu re  c a s e ,  and t a b l e  XXIX 
lists t h o  cor responding  i n s t a l l a t i o n  and b a l a n c e  of p l a n t  m a t e r i a l s  
costs . 
Also inc luded  i n  t h i s  appendix is  t h e  breakdown of  ECAS r e p o r t  
(Ref. All, t a b l e  16 ,  Items 5.1, 5.2 and 5.3 i n t o  s e p a r a t e  FERC 
Account 311. and 312. costs. T h i s  breakdown, p r e s e n t e d  i n  t a b l e  
XXX, is  based on p e r c e n t a g e s  of t h e  combined c o s t  of  t h e  t h r e e  items 
es t ima ted  from a p r e v i o u s  Burns and Roe s t u d y  o f  a s i m i l a r  c o a l - f i r e d  
p l a n t .  
TABLE XXVI. - ECAS REPORT TABLE 15 
BALANCE OF PLANT EQUIPMENT LIST 
CONVENTIONAL STEAM PLANT WITH WET LIME SCRUBBERS 
250° F EXHAUST GAS TEMPERATURE 
(REF. A l )  
QPt 
No. 
- 
Serv ice  brrcr ipt ion 
1.0 Coal & Limestone Handlinv Systems 
C-l Coal Conveyor Belt 60 i n  wide, 360 f t  lone,  3000 t p h  
C-4 n 88 U 42 i n  " 980 f t  500 t ph  
C-8 n H " (2 req'd.1 30 i n  " 160 f t  " 300 tnh 
C-9 Limestone Conveyor Belt  60 i n  " 500 f t  " 3000 t p h  
c-I 0 n 8. U 24 i n  " 630 f t  " 65 t p h  
C-12 Linestone Bucket Conveyor 8, me n 120fL m 100 tph 
C-13 Trave l ing  Grate-Kiln 650 tonlday nominal l i n e  product ion 
System (Package) (880 tonfday d e s i g n  c a p a c i t y ) ,  12 f c  
v ide  K 68 f t  long t r i v e l i n g  g r a t e ,  13 f t  
1.0. x 180 f t long  r;:ary k i l n  w i t h  Nicos- 
type c o o l e r .  Includes  c o a l  % r i a d i n g /  
f i r i n g  e q u i p ~ e n t  . c o n t r o l  panel /  i n s t r u -  
mentation.  a l l  refractories and d r i v e s ,  
induced d ra f  t f a n ,  baghouse d s s t  c o l l e r t o r  
and duct ing.  
C-14 Coal Conveyor Bel t  I8 i n  v i d e ,  60 t t  long,  20 t ph  
C-15 Lime Bucket Conveyor 24 i o  wide, 140 fc long,  60 tph 
( 2  r e q O d .  1 
C-16 F l y  Ash S i l o s  ( 2  r eq '  ) Tota l  Volume 833,154 f t  , 80 L t  d i a  x 
85 fc h i g h  
2.0 E l e c t r i c a l  Systcms 
t -1  Main T r ~ n r f o r n e r s  2 r e d .  468 MIA, FOA, (55 C, 24/500 kV 
E-2 Unit  Auxi l i a ry  Transformerr 6 0 / 5 ? / 6 1  !IVA, 6 5  C ,  OA/FA/FOR, 
( 1  r r q 8 d . )  24/13.8 kV, 30, 63Ht 
(sheet 1 of 3) 
Eqpt. 
No. 
- 
TABLE X X V I .  - Continud 
Service 
Emergency Dierrl  Ceaera:or 1000 LU, 30, 60 H:, 683 V ,  0.3 PF 
Start-up Trans former 28/37.5/47 WA, O.\/FA/~A, 500113.6 kV, 
FOA, 65 C ,  30, 60 Hz 
~ i s c e l l a n e o u s  480V 1689 kVA, OA, 65 C,  13.8 kV/489V/277V, 
LCC Transformers (14 r eq8d . j  30. 60 Hz 
Bailer  Auxiliary Transformers 5500 kVA, OA, 65 C,  13.8/4.l6kV, 30, 60 Hz 
(2 req'd.) 
LCC Transformers (2 req'd.) 7000 LVA, OA, 65 C,  13.816.16 kV, 30, 60 i lz 
Scrubber Trans formers 5,000 LVA, OA, 65 C,  13.8/6.16 kV, 
(2 req 'd.)  30, 60 Hz 
3.0 Hain Fluid Systems 
Main Condenser 
Piping: 
3.31 r 10 I t  of Heat Tranrfer  Area Std. 
material.  
Circulat ing Vater I. D. - 116 i n  
Uain Steam I .  D. 15.3 i n ,  t m -  3.97 i n  
boi ler  Feed Water I. D. - 26.53 i n ,  r e  = 0.675 i n  
Cold Reheat I. D. = 32.54 in,  t m  - 1.57 in 
Hot Reheat I. D .  8 i n ,  t m -  2.25 i n  
LP d l  
LP P 1  
LP $3 
LP 94 
IP 
H.P. 
DFT 
Shell Tube 
Press/Tcmp. PressITesp. 
psi.,' F ps ir l  F 
Flow 
(loo!!) 
l b /h r  
5.05 x 10 
k.05 x 10 
6.05 x 10 
4.05 x 10 
6.22 x 10 
5 - 2 2  x 10 
Heat Transfer 
Area 
f t  
14,330 
13,550 
13,720 
18,770 
45,660 
69,730 
Main Condensate Pumps and Ver t ica l  Center l ine,  $ 2 5 0  gpm, 600 h p  
notors ( 2  req 'd.)  motor, 610 f t  TDd 
Feedwater Boostcr Pmps S 7,300 spa ,  3650 h p ,  1510 f t  TDtl 
Motors (2  req 'd.)  
(sheet 2 of 3) 
TABLE XXVI ,  - Concluded 
E q ~ t  
No. 
- 
Hain Boi le r  Feed Pumps 6 4900 gpm, 12,600 hp, 8,300 f t  TDH 
Turbine Drivers  ( 3  req 'd . )  
Rain Ci rcu la t  i n %  Pumps and 82,000 gpn, 2250 hp, 75 f t  TDH 
n o t o r r  ( 3  req 'd . )  
Cooling Towers (20 Cells) 246,000 gp? 
0 
Forced Uraft  Fans ( 2  req'd.  ) Operat in2 971,000 cfm @ 8 0  f ,  S.P. 
19 i n  ug 3 
Ter t  Bloek 1,165,000 cfm Q 105 F, S.P. 
24.7 i n  ug 
Hotor 6500 hp 
P r i m a r y A i r F a n s  (2 req'd.)  Operat ing 1 6 l S 7 5 0 c f m @ 9 6 F , S . P .  i n l e t  
19 i n  vg, S.P. o u t l e t  = 42 i n  vg 
Tert  Bloek 196,000 cfm @ 121 F, S.P. i n l e t  
19 i n  v g ,  S.P. o u t l e t  m 54.6 
i n  v g  
Motor 2250 hp 
E l e c t r o s t a t i c  P r e c i p i t a t o r s  Each 5 4  f t  h igh  x 92 f t  v i d e  x 44 f t  long, 
( 4  req'd.; 1,262,000 l b ,  1296 kVA,  99: p a r t i c u l a t e  
removil e f f  ie iency,  695,000 acfm @ 3 0 0 4 .  
Scrubber - Turbulent Each 60 f t  h igh x 40 f t  v i d e  x 18 i t  long, 
Contact Absorber (I r e q 8 d . )  316L-S.S., ncoprlne 1  ined, 3 s t ~ g e s ,  
450,000 rcfm 8 312*P b 13.9 ps ia .  
A i r  Heater ( 6  req 'd . )  Each 4.5 f t  high x 21.5 f c  v i d e  x 37.5 f t  
long . 
lnduecd Draft  Fans ( 4  req 'd .  ) opera t ing  660,000 cfm 8 3 0 0 ~ ~ ~  T o t a l  S.P. I 
23 i3 vg d 
Tert  Block 390,000 cfn 2 325  P, Tota l  S.P. = 
30 i n  ug 
~ o t o r  5,000 hp 
P-15 Forced Draft  F ~ n s  f o r  
Reheater Air ( 6  req 'd . )  
Operating 545,003 cfm @ 80'~.  T o t a l  S.P. 
3.5 in  ug 3 
Teat Block 654,000 cfm Q105 F, T o t a l  S.P. I 
4.55 i n  vg 
n o t o t  650 hp 
F-16 Exhaust Stack 40 f t  I . D . ,  500 f t  high 
(sheet 3 of 3) 
TABLE X X V I I .  - ECAS REPORT TABLE 1 6  
BALANCE OF PLANT ESTIMATE DETAIL FOR CONVENTIONAL STEAM CYCLE - 
WET GAS SCRUBBER - 250° F STACK 
(REF.  A l )  
Direc t  Manual Balance of 
Field Labor P lan t  Mater ia l  
MH 1000's S 1000's 
I .  0 STEAM GENEIIATOR ( 3 )  
1 . 1  Steam Generator Erection 
- Erec t  only (supply by others):  
includcs hcat t ransfer  surface and p re s su re  
par t s ;  buckstays, braces  and hangers;  
fuel-burning equipment; accessories;  soot and 
ash equipmcnt; control sys t rms;  brickwork, 
refractory and insulation 
- Supply and ercct:  
includcs support steel and acces s  s teel  for above; 296 
miscellanrous mater ia ls  and labor operations 
1.2  Steam Cencrator Auxiliaries 
- Erec t  only (sklpply by others):  185 
includes P . A .  fans; a i r  prcheater ;  flues and 
ducts to prc-!pitators; ~nsulat ion for flues 
and ducts;  pulvcrizcrs,  feeders  and hoppers 
- Supplyanderec t :  
includes F. D.  Fans ( 2  $ $390,000 e i * ) ;  I. D. 
fans (4  @ $220,000 ea. ::.) 
1.3 Electrostatic Precipi ta tors  
- Erec t  only (sr~pply by others):  
includes electrostatic precipitators 
- Supply and ercct :  
includcs support siccl for precipitators 
2.0 TURPINF. GENERATOR (3) 
- Install only fs l~pply by othcrs):  
includes 635 M\Vc steam turbine; generator;  
exci ter ;  auxiliary equipment; integral s team 
and auxiliary piping; insulation; miscellaneous 
labor opcratiorls 
*based on suppl iers '  verbal  budgetary quotations 
(sheet 1 of 7)  
TABLE X X V I I .  - Continued 
Direct Manual Balance of 
Field Labor Plant Material  
MH 1000's $ 1000's 
3.0 PROCESS MECIIANICAL EQUIPMENT 
3 1 Boiler Feedwater Pumps (3)  
includes turbine-driven main fetdwater pumps 10 3,220 
and d r ive r s  (3@ $Q40,000 ea. *); feedwater 
booster pumps and motors  ( 2  @! $125,000 ea. *) 
3.2 Main Ci rc .  Water Pumps (3) 
includes main circ.  water pumps and motor6 3 
(3 @ $220,000 ea*) 
3.3 Other Pumps (3) 
includes condensate pumps and motors  (2@ 5 
$85,000 ea. *); and other pumps and d r ive r s  
not l isted elsewhere 
3.4 Main Condenser* (3) 
includes shells; tubes; a i r  e jectors  16 
3.5 Heaters,  Exchangers, Tanks and Vessels (3)  
includes 1. p. feedwater hea ters  (4): i. p. feed 9 
water  heater;  h.p. feedwater heater;  deaerating 
heater and storage tank; miscellaneous hea ters  
and exchangers; tanks and vesse ls  
3.6 Stack and Acccssorics  (3) 
includes concrete stack and liner*; lights and 113 
m a r k e r  painting; hoists and platforms; stack 
foundation 
3.7 Turbine Hal l  Crane (1) 
includes c rane  and accessories  
3.8 Coal Handling ( 2 )  
includes rai lcar  dumping equipment; dust 
collectors;  primary and secondary crushing 
equipment; llclt s c a l e ;  sampling station; 
magnetkc cleaners ; moblle equipment; conveyors 
to pile; reclaiming fcedcrs;  conveyors to coai 
silos; coal silos 
*based on ruppliers '  verbal budgetary quotations 
(sheet 2 of 7) 
TABLE XXVII. - Continued 
Direct Manual Balrnce of 
Field Labor Plant Material 
MH 1000's S 1000's 
3.9 Limestone I-landling ( 3 )  
includes magnetic c leaners;  conveyor to l ime 2 2 1,250 
stone pile; reclaiming feeders;  belt scale; 
conveyors to calciner 
3.10 Ash tiandling ( 2 )  
includes bottom ash system; fly ash handling 6 1 3,580 
system for  precipitators and a i r  preheater;  
ash conveyors; ash storage s i los  ( 2 )  with feeders,  
unloaders and foundations; ra i lcar  loading 
equipment 
3.11 Cooling Towers* (3) 
includes mechanical d ra f t  towers with fans and 5 2 
motors  
3.12 Other Mechanical Equipment (3)  
includes water treatment and chemical injection; 30 
a i r  compressors  and auxiliaries; fuel oil ignition 
and warns-up; screenwell, miscellaneous plant 
equjpment; equipment insulation 
3.13 Scrubber Ductwork (3 )  
- includes flue gas duct outboard of elcctro- 
rtatic precipitators; duct lining; duct 
insulation; dampers  and expansion joints 
3.14 Scrubber Flue Gas Equipment (3 )  
- includes F. D. fans for  flue gas reheat 
(6 @ $200,000 ea. 2 : ) ;  air  hcatcrs  for  flue 
gas rehea ' (6 @ $280,000 eae:) 
3.15 Wet Lime SO2 Sc-rubbers (3) 
- includes complete SO2 scrubber  vcssels  
with prcsaturator and m:st eliminator 
nystems (6 @ $1,000,000 eaa::) 
+bared on suppliers' verbal budgetary quotations 
(sheet 3 of 7) 
TABLE X X V I I .  - Continued 
Direct Manual Balance of 
F ie ld  Labor  Plant .  Materis! 
MH 1000's S 100Ots 
3 .16  Scrubber  L i m e  Sys tcm (3)  
- includes l imestone ca lc ine r  with travell ing 
g r a t e  kiln ($2,700, OOOt:); Kiln stack;' coal  
conveyor,  bucket elcvator  and s to rage  bin 
f o r  kiln; l i m e  conveyor,  bucket e levator  and 
 tora age s i los ;  l ime  s l a k e r  ($1 20,0000) 
3. I7 Scrubber  Sys tcm P u m p s  (3) 
- includes s l u r r y  recyc le  ( 1  8 @. $40,000 ea*); 
m i s t  e l iminator  wash ( 3  @ $25,000 ea. * I ;  
s l u r r y  s to rage  and t rans fe r  (4 @ $4,000 ea*); 
s l u r r y  feed ( 3  @ $5,000 e l f : ) ;  pond feed t a ~ k  
( 3  @ $10,000 ea*); pond feed boos te r  ( 2  @ 
$15,000 eax;); pond water  recyc le  and 
boos te r  (4 @ $12,500 ea*); 
3.18 Scrubber  Sys tem Tanks (3) 
- includes tanks and agi ta tors  fo r  a b s o r b e r  effluent 
hold, pond feed,  entrainment s e p a r a t o r  su rge ,  
- 
s l u r r y  su rge ,  s l u r r y  s torage,  s l u r r y  t r a n s f e r  
785 
4.0 ELECTRICAL ( 5 )  
4. l Main Transformers* 4 
4 .2  Other  Trans formers< .  and Main Bus 17 
- includcs s t a r tup  t r a n s f o r m e r ;  station s e r v i c e  
t r a n s f o r m e r s  includin!: those  for sc rubber  
s y s t e m ;  gctlcr .~tor main bus 
4 . 3  S w i t c h ~ c a r  ~ n d  Control  C e n t e r s  
- includes swi tchgrar  and load c e n t e r s ;  motor  
control  c c n t c r s ;  local control  statlone; d r s -  
tributron panels,  relay and m e t e r  boards  
4 .4  Other  Elect r ica l  Equipn~en t  
- lncludes communications;  grounding; cathodic 
and f r c c z e  protcction; lighting; pre-operat ional  
test ing 
.bared on supp l ie r s t  verbal  budgetary quototionr 
(sheet 4 of 7 )  
TABLE X X V I I .  - Continued 
Direct Manual Balance of 
Field Labor Plant Material  
MH 1000's $ 1000's 
4.5 ~ u x i l i n r ~  Diesel Generator 
- includcs diescl generator,  bat ter ies  and 
aanociated d. c. equipment 
4.6 Conduit, Cable Trays ,  Wire and Cable 
5.0 CIVlL AND STRUCTURAL 
5.1 Concrete Substructures and Foundations (1)  
- includcs turbine and boilcr building sub- 
s t ructure;  coal, limestone and ash  handling 
foundations, plts and tunnels; miscellaneous 
equipment foundations; iauxilia ry buildings 
substructures;  miscellaneous concrete 
5.2 Superstructures ( I )  
- includes turbine build in^; auxiliary yard 
buildings; boiltar enclosure 
5.3 Earthwork (1) 
- includes building excavations; coal, l imcstone 
and ash h a n d l i n ~  excavaticns; r i r c .  water 
system rxcavations; mrscellaa- . : . foundation 
excavations; dewatering and p*;,, g 
5.4 Cooling Tower Basin and Circ .  Water System (3) 90 1,380 
- includcs c i r c .  water  pbmp pads, r i s e r  and 
concrcte cnvelopc for pipe; cooling tower basin; 
c i rc .  watcr pipe; cool in^, tower nirscellaneous 
steel and f i r c  protection 
5.5 SO2 Scrubhcr Civil and Structural  (1) 180 3,660 
- includca foundations, earthwork and s t ructure8 
particular to scrubber equipment - - 
(sheet 5 of 7) 
TABLE X X V I I .  Continued 
Direct Manual Balance of 
F ie ld  Lhbor Plant  Matcria: 
MH 1000's S 1000's 
6.0 PROC S S  PIPZNG AND INSTRUMENTATION 
6.1 Steam and Fcedwater Piping ( 3 )  
- includer main s team; extraction steam: hot 
reheat;  cold reheat; fecdwatcr and condensate 
la rge  piping, valves and fittings 
6.2 SO2 Scrubber System Largc  Piping (3) 
- includes nrakc-up water;  resaturation s lu r ry  
wate t ;  mis t  eliminator wash: absorber  s lu r ry  
effluent tank over[low; pond feed; pond recycle 
water ;  lime s lur ry  piping; recycle s lu r ry  
piping; a i r  heater s team supply; a i r  heater  
condensate re turn 
6.3 Other Large Piping (3 )  
- includes atrxiliary s team; process  water;  
auxiliary systt  nrs 
6.4 Small Piping (3)  
- includer all  piping, valves and fittings of 2 inch 
d iameter  and l e s s  
6.5 Hangers  and Mirc. Labor operat ions (3)  4 20 
- includes all hangers and supports;  nraterial  
handling; scaffolding; misc,  labor operations 
6. b Pipe lnsulation ( 3 )  6 3 
6.7 Inmtrumentrtion and Controls ( 5 )  
I 7.0 YARDWORK AND hfISCELU.NEOUS (1) 
7.1 Site Preparat ion and Improvements 
- includer soil testing; clearing and grubbing; 
rough grading; f in i sh  grading: iandscaping 
50 
(sheet 6 of 7) 
7.2 Site Utilities 
- includes rtorm and sanitary sewers;  non- 
proccrs  rervice water 
TABLE X X V I I .  - Concluded 
7.3 Roada and Railroads 
- includes railroad spur; roads, walks and 
parking areas 
7.4 Yard Fire Protection, Fencer and Gates 
7 .5  Water Treatment Pond, 
- includes earthwork; pond lining; offsite 
pipeline 
7 .6  Lab, Machine Shop and Office Equipment 
Direct Manual Balanec of 
Field Labor Plant Material 
MH 1000's b 1000's 
27 740 
';:.>LE ' /Y .YII  I .  - ECAS PEPOF? TABLE 27 
Es2': I PYF'CT L l  Si FOR CO\.!!'IEN'I 13NAL S T E M  C Y L E  - 
WET SCRUBBERS, 17S0 F STACY 
(REF. A l )  
EQn* 
NO. 
P 
SERVICE DESCRXPTION 
Coal Conveyor Belt 
m w a 
1. Coa 1, b Limescane Handling Systems 
Limestone Conveyor 
a 
(2) 
B e l t  
Limestone Bucket Conveyor 
Travel ing Crate Ki ln  
S y s t e n  (Packaqc) 
C-14 Coal Conveyor B e l t  
C-15 Line Bucket Conveyor (2) 
- 1  Ply Ash S i l o s  ( 2 )  
60 i n  wide, 340 f t  long ,  
60 i n  - 760 f t  
60 i n  - 190 f t  ' 
4 2  i n  980 ft 
42 in 540 f t  
4 2  i n  * 170 f t  ' 
42 i n  110 ft - 
30 i n  160 f t  
60  i n  500 f t  
24 i n  630 I t  
24 i n  " 420 f t  
3000 tph 
3006 " 
3000 
500 . 
500 
so0 - 
500 - 
300 
3000 
65 
65 a 
650 ton/day nominal lime production (800 ton/ 
day d e s i g n  c a p a c i t y ) ,  12  f t  wide x 18 f t  long 
traveling g r a t e ,  1 3  f t  I.D. x 180 ft long rotary 
kiln with Niems type cooler. Includes coal 
qr inding / f i r ing  equipment, control panel/ instru- 
mentation, all refractories and d r i v e s ,  i3duced 
draft fan, baghouse dust collector and duct ing.  
18 i n  vide 60 it long 20 tph 
Total  Volume 833,184 f t 3 ,  80 ft d i a  x 85 f t  high 
TABLE XXVIII. - Continued 
EQPZ. 
NO. 
- 
SEXvICt 
2. Electrical Systcms 
E-1,2 Main Transformers !2) 468 XVA FOA 6S0c, 24/500 kV 
E-3.4 Unit kux. Transformers (2)  40/54/67 UVA 6s0c, OA/?A/FQA,24A3.8 LO, 3$, 6OSz 
E-5 Emergency Diesel Cen. lOCO kW 39, 60 Az,  400 V, 0.8 PP 
E-6 Start-up Transformer 20/37.5/47 MtA,0~A/FOA.SOO/1308 W POA 6s0c 
36. 60 Hz 
E- 7 Miscellaneous 400V 
t.hru !LC Transiomers ( 1 4 )  
20 
c. 
Q) 
w E-21 BLR. Aux. Transformers (2) 5500 kVA, OA, 6s0c8 13.8/4.l6k0,3#, 60 b 22 
E-23 X C  Transformers (2) 
b 24 
7000 kVA, OA, 6s0c, 13.8/4,16 kV8 3$, 60 R r  
E-25 Scrubber Transformers (2) s.000 MIA, OA, 6s0c. 1 3 8 . 1 6  , 3$, 60 nz 
626 
3. Main Fluid Systcms 
F-1 Main Condenser 3.97 YC 10' ft2 of neat Transfer hrea 
P-2 Piping 
C i r c .  Water 
r-t 
e- 8 
r.- 9 
F nL3water Heaters 
tP a 1  
IP t 2  
L D  C3 
LP 8 4  
I P 
H.P. 
nFT 
1 .  . = 1 5 3  i n ,  W 3.97 in 
I .  D. = 26.52 in, t m  = 0.675  in 
I .  D .  = 32.54 in, tm = 1 - 5 7  i n  
X .  D. = 10.1 in, tm = 2.25  i n  
She1 1 Tube F l o v  neat Transfer ( 1 C O t  a Area 
lb/hr f t 2  
Hain Cond. Pumps and motors (2 )  Vert. Cent. 5100 gpm, 750 hp motor, I 1 0  ft TDR 
F. W. master Pumps & Motors (2 )  7,300 gpa, 3850 hp, 1510 ft TDH 
Main Boiler Feed Pumps L 
h ~ r b i n e  Drivers ( 3 )  
4900 gpm, 12,600 hp, 8.300 ft TDR 
u ~ i c  C i r c .  Pumps and notors  (3)  95,000 gpn 2500 hp, 75 ft Tbn 
Gaol irq f c d e r s  ( 2 3  C e l l s )  242.050 gpm. 
Operating 971,000 cfm C 80°?, S.?. - 19 in rrp 
T e s t   lock 1,165,000 cfm elOSoP, SOP. = 24.7 in uq 
Ho t o r  6500 hp 
TABLE XXVIII. - Concluded 
irJ 1 P.A. Pans  (2) 
SERVICE 
F-11 E l e c t r o s t a t i c  P r e c i p i t a t o r s  ( 4 )  
F-12 
P 
Scrubber - m r b u l e n t  
u C o n t a c t  Absorber ( 6 ) 
P 
F-13 Air Heaters (6) 
F-14 I.D. Fans  ( 4 )  
?-15 F.D. Pans for Reheater A i r  (.6) 
P-16 Exhaust  S t a c k  (1) 
Opera t ing  161,750 cfm e 96-1 S.P. ia2at  i n  wg 
S.P. o u t l e t  = 4 2  i n  wg 
~ e s t   lock 194,000 cfrn @ 1 2 1 ° ~ ,  S.P. i n l e t  19 i n  
wg S.P. o u t l e t  = 54.6 i n  wg 
Motor 2250 hp 
Each 54 f t  h i g h  x 92 f t  wide x 44  f t  long, 1,262,000 
l b ,  1296 kVA, 99% p a r t i c u l a t e  removal e f f i c i e n c y ,  
695,000 acfrn @ 3000F. 
Each 60 f t  high x 40 f t  wide x 1 8  f t  long ,  316L-5.8, 
neoprene l i n e d ,  3 s t a g e s ,  450,000 acfm @312OF & 
13.9 p s i s .  
~ a c h  2.5 f t  high x 18.2 f t  wide  x 10.7 it long. 
Opera t ing  660,900 c f m  C3000P, Total S,P.-23 i n  wg 
T e s t  Block 800,000 cfrn @3250F, T o t a l  S.P.=3O i n  wg 
Ma tor 5,000hp 
Opera t ing  123,000 cfrn t! 80°F', Total 8.Pem3.S i n  wg 
Test Block 147,000 c f m  @1050F, T o t a l  Sap.-4.55 in wp 
Motor 150  hp 
27 f t  I . D . ,  500 f t  h i g h  
(sheet 4 of I )  
TABLE XXVIII. - Concluded 
UJ - 1  P.A. Fans  (2)  
SERVICE DESCRIPTION 
F-11 E l e c t r o s t a t i c  P r e c i p i t a t o r s  ( 4 )  
I-' 
F-12 Scrubber - T u r b u l e n t  
\O C o n t a c t  Absorber ( 6 1 
w 
F-13 A i r  Heaters ( 6 )  
F-14 1.0. Fans  (4)  
1 P.D. Fans  f o r  Reheater  A i r  (.6) 
F-16 Exhaust Stack (1)  
Opera t ing  161,750 cfm @ 9 6 O ~ ,  S.P. inlet i n  yl 
S.P. o u t l e t  - 42 i n  wg 
T e s t  Block 194,000 cfm @ 1 2 1 ° ~ ,  S.P. i n l e t  1 9  i n  
wg S.P. o u t l e t  = 54.6 i n  wg 
Motor 2250 hp 
Each 54 f t  high x 92 f t  wide x 4 4  f t  long ,  1,262,000 
l b ,  1296 kVA, 999 p a r t i c u l a t e  removal e f f i c i e n c y ,  
695,000 acfm @ 3000F. 
Each 60 f t  h igh  x 40 f t  wide x 1 8  f t  long ,  316L-S.8, 
neoprene l i n e d ,  3 s t a g e r ,  450,000 acfm @31Z0P L 
13.9 p s i a .  
Each 2.5 f t  h igh x 18.2 f t  wide x 10.7 f t  long. 
Opera t ing  660,900 cfm @300°P, T o t a l  9.P.-23 in wg 
Test Block 800,000 cfm @32JoF, T o t a l  S.P.-30 i n  wg 
Motor 5, OOOhp 
Opera t ing  123,000 cfm @ ~ o O F ,  T o t a l  S.P.03.5 i n  ug 
Test  Block 147,000 cfm @lOSoF, T o t a l  8.P.-4.59 i n  ug 
Motor 150  hp 
27 f t  I . D . ,  500 f t  high 
TABLE XXIX .  - EXAS REPORT TABLE 28 
BALANCE OF PLANT ESTIMATE DETRIL CWVISNTIONAL STEAM CYClX - 
WET LIME STACK GAS SCRUBBER, 1750 F STACK GAS 
(REF. Al) 
Direct Manual Balance of 
Field Labor Plant Material 
MX 1000's s 1000's 1 
1.0 STEAM GENERATOR 3 
1 
1.1 Steam Generator Erectioa (3 )  4 
1 
- Erect  only (supply by others): 044 
includes heat tiansfer surface and pressure I i 
parts; buckstays, braces and hangers; fuel 1 burning equipment; accessories; soot and ! 
ash  equipment; control systems; brickwork; 
refractory and rnrulation 
- Supply and erect: 296 
includes support steel and access stet1 for 
above; misceitaneous materials  and labor 
operations 
1.2 Steam Generator Awil iar ier  (3) 
- Erect  only (supply by others): 185 
includes P. A, fans; a i r  preheater; flues and ducts 
to precipitators ; insulation for  flues and ducts; 
pulverizers, feeders and hoppers 
- Supply and erect: 12 
includes F. D. Fans (2 @$390,000 ea*); I .  D. 
fant  (4 @220,000 ea. *) 
1. 3 Electrostatic Precipitators (3)  
- Erect only (supply by others): 
includes electrostatic precipitators 
- Supply and erect: 
includer support steel fo r  precipitators 
2.0 TURBINE GGUERATORS ( 3 )  
- Instal; only (supply by others): 
includes 835 MWe steam turbine; 
geaarrtor; txciter;  auxiliary equipment; 
integral steam and auxiliary piping; 
insulation; miscellaneous lrbo r operations 
*based on suppliers' verbal budgetary quotations 
(sheet 1 of 7 )  
- 
- 
- .  - -- - ----- 
n 3 
i 1 I 2  
; 4 
I 
8 4 
TABLE XXIX. - Continued d 
DirectManual Balanceof 
Field Labor Plant  Material  
MH 1000'8 $ 1000's I 
3.0 PROCESS MECHANICAL EQUIPMENT 2 
3.1 Boiler Feedwater Pump8 (3)  
- includes turbine -driven main feedwater pump. 10 
and d r ive r s  ( 3  @ $940,000 ea. *); feedwater 
booster pumps and motors  ( 2  @$125,000 ta .  *) 
I 3.2 Main Circ. Water Purnpr (3) 
- includes n:ain circ.  water pump8 and motors  
(3  @ $235,000 ca*) 
3.3 Other Pumps (3)  
- includes condensate pumps and motors  ( 2  @ 
$95,000 ea. 9); and other pumps and d r ive r s  
not listed elsewhere 
3.4 Main Condenser* ( 3 )  
- includes shells; tubes; a i r  e jectors  17 
3.5 Heaters. Exchangers, Tanks and Vessels ( 3 )  
- includes 1. p. feedwater heaters  (4): i. p, feed 9 
water heater;  h. p. feedwater heater ;  deaerating 
heater and storage tank; miscellaneous hea ters  
and exchangers; tanks and vessels  
3 * 6  Stack  an3 Accessories (3) 
- includes concrete stack and liner*; lights and 
marker  painting, hoists and platforms; stack 
foundation 
3.7 Turbine Hall Crane (1) 
- includes crane and accessor ies  
3.8 Coal Handling ( 2 )  
- incIudes rai lcar  d ~ m p i n g  equipment; dust 
collectors;  pr imary and secondary crushing 
equxpment; belt scale; sampling station; 
magnetic c l r ~ n e r s ;  mobile equipment; conveyors 
to pile; reclalmlng feeders;  conveyors to coal 
silos; coal s ~ l o s  
*bared on suppliers' verbal budgetary quotatrons 
193 
(sheet 2 of 7) 
TABLE X X I X .  - Continued 
3.9 Limestone Handling ( 3: 
- includes magnetic c leaners;  conveyor to l ime 
stone pile; r eciaiming feeders;  belt scale; 
conveyors to calciner 
3.10 Ash Handling ( 2 )  
Direct  Manual Balance of i 
Field Labor Plant Mater ial  6 
MH 1000's $ 1000's L 
$ 
- includes bottom a s h  system; fly a s h  handling 6 1 
system for precipitators and a i r  preheater ;  
a s h  conveyors; a sh  s torage s i los  ( 2 )  with feeders ,  
u:!oaders and foundations; railca r loading 
cquipmen t 
3.11 Cooling Towers* ( 3 )  
- includes mechanical draf t  towers with fans and 60 
motors  
3. 12 Other Mechanical Equipment ( 3 )  
- includes water t reatment  and chemical injection; 30 
a i r  compressors  and auxi l iar ies;  fuel oil ignition 
and warm-up; screenwell; miscellaneous plant 
equipment; equipment insulation 
3.13 Scrubber  Ductwork ( 3 )  120 
- includes flue gas duct outboard of e lectrostat ic  
precipitators;  duct lining; duct insulation; 
da;npers and expansion joints 
3. 14 Scrubber Flue Gas Equipment ( 3 )  
- includes F. D. fans for flue gas reheat 
(6 @$85,000 ea. *); a i r  hea ters  for  flue gas  
reheat  ( 6  @$SO, 000 ca. * )  
3.15 Wet Lime SO2 Scrubbers  ( 3) 
- includes complete SO2 scrubber  vessels  with pre-  
ra tura tor  and mis t  clirnlnator sys tems ( 6  @ 
$1.000.00G ea. *) 
*based on suppliers '  verbal budgetary quotations 
TABLE XXIX. - Continued 
3.16 Scrubber Lime System ( 3 )  
- includes limestone crlciner with travelling 
grate kiln ($2,700, OOO*); Kiln stack; coal 
conveyor, bucket elevator and storage bin 
for kiln; l ime conveyor, b ~ c k e t  elevator and 
storage silos; lime slaker ($120,000*) . 
Direct Manual Balance of 
Field Labor Plant Material 
MH 1000's S 1000's 
3.17 Scrubber Syrtem Pumps ( 3 )  10 
- includes slurry recycle (18 @$40,000 ea. *); mist  
eliminator wash ( 3  @2S, 000 ea. *); s lur ry  storage 
and transfer  (4 @4,000 ea. *): slurry feed ( 3  @$5,000 
e r .  *); pond feed tank ( 3  @10,000 ca. *); pond feed 
booster ( 2  @ $lS,000 ea. *); pond water recycle and 
booster (4 @12,500 ea. *) 
3.18 Scrubber System Tanks (3)  4 
- includes tanks and agitators for absorber effluent 
hold, pond feed, entrainment separator surge, 
s lur ry  surge, s lur ry  storage, s lur ry  transfer  
- 
6 60 
4.0 ELECTRICAL ( 5 )  
4.1 Main Transformers* 4 
4.2 Other Transformers* and Main Bus 17 
- includes startup transformer;  station service 
transformers including those for scrubber 
system; generator main bus 
4. 3 Switchgear and Control Centers 
- includes switchgear and load centers; motor 
control centers; local control stations; dis-  
tribution panels, relay and meter  boards 
4.4 Other Electrical Equipment 363 
- includes communications; grounding; cathodic 
and freeze protection; lighting; pre-operational 
testing 
* b r e d  on suppliers' verbal budgetary quotations 
(sheet I of 7) 
TABLE X X I X .  - Continued 
Direct Manual Balance of 
Field Labor Plant Material 
MH 1000's d 1000's 
4.5 Auxiliary Diesel Generator 2 110 
- includes diesel generator, batteries and 
associated d. c. equipment 
4.6 Conduit, Cable Trays, Wire and Cable 
5.0 CIVIL AND STRUCTURAL 
5.1 Concrete Substructure8 and Foundatioas (1) 340 2,800 
- includes turbine and boiler building sub- 
structures; coal, limestone and ash handling 
foundations, pits aad tunnels; mirce.'~aneous 
equipment foundations; auxiliary buildings 
substructures; miscellaneous concrete 
5.2 Superstructures (1) 
- includes turbine building; auxiliary yard 
buildings; 5oile r enclosure 
5.3 Earthwork (1) 130 
- includes building excavations; coal, limestone 
and ash handling excavations; circ. water 
syrtem excavations; miscellaneous foundation 
excavations; de-tering and piling 
5.4 Cooling Tower Basin and Circ ,  Water System (3)  105 
- includes circ. water pump pads, r i ser  and 
concrete envelope for pipe; cooling tower basin; 
circ. water pipe; cooling tower miscellaneous 
ateel and f ire  protection 
5.5 SO2 Scrubber Civil and Structural (1) 180 
- includes foundations, earthwork and structures 
particular to scrubber equipment 
16.400 
(sheet 5 of 7 )  
TABLE X X I X .  - Continued 
Direct Manual Balance uf 
Field Labor Plant Material  
6.0 PROCESS PIPING AND INSTRUMENTATION 
6.1 Steam and Feedwater Piping (3)  8 1 3,850 
- includes main s team; extraction s team; hot 
reheat; cold reheat; feedwater and condensate 
la rge  piping, valvea and fittings 
6.2 SO2 Scrubber System Large PLping (3) 
- tncluder make-up water: rcraturation s lu r ry  
water; m i r t  eliminator warh;. absorber  r l u r ry  
effluent tank overflow: pond feed; ponZ recycle 
water; lime s lu r ry  piping; recycle s lu r ry  
piping; a i r  heater s team supply; a i r  heater 
condensate return 
6.3 Other Large Piping (3 )  
- includes auxiliary steam; procecs water;  
auxiliary systemr 
6.4 Small Piping ( 3 )  152 1.350 
- includer a11 piping, valves and fittingr of 2 inch 
diameter and lesa 
6.5 Hangerr and Misc. Labor Operations ( 3 )  4 19 1,420 
- includes a11 hangers and supports;  mater ial  
handling; scaffolding; snisc. labor operations 
6.6 Pipe Insulation (3)  62 640 
6.7 Instrumentation and Controlr ( 5 )  219 4,820 
7.0 YARDWORK AND MISCELLANEOUS (1) 
7.1 Site Preparation and Improvements 
- includes soil testing; clearing and grubbing; 
rough grading; finish grading; landscaping 
7. 2 Site Utilities 
- includes s torm and sanitary sewers ;  non- 
process  service water 
(sheet 6 of 7 
lo- 
TABLE X X I X .  - Concluded 
Direct Manual Balance of 
Field Labor Plant Adate rial 
MH 1000'a S 1000's 
7 . 3  Roadr and Railroads 
- includes railroad spur; roadr, walks and 
parking area8 
7 . 4  Yard Fire Protection, Fences and Cater 
7 . 5  Water Treatment Ponds 
- includes earthwork; pond lining; offsite 
pipeline 
7 .6  Lab, Machine Shop and Office Equipment 
TABLE X X X .  - BREAKDGWN OF ECAS REPORT (REF. A l )  TABLE 16, 
ITEMS 5 . 1 ,  5 . 2  AN7 5 . 3  INTO SEPAKATE 
FERC ACCOUNT 3 1 1 .  AND 3 1 2 .  COSTS 
( 2 5 0 0  F S t a c k  G a s  R e h e a t  T e m p e r a t u r e  ( 1 ) )  
(Mid-1975  Dollars) 
I i I n c l u d e d  I Est imted  Per- ECAS, Repor t  Cos t  Breakdown ( 2 )  
I r n  
I FERC I 
I Account Bul ld lnq /Str~~c ture /Excavat ion  
y k r i e d  C o s t o f  I t e m s  5 . 1 ,  1.1 6 5 . 1  1 190 
I 
I 
1 i 311.3 1 Mali' ( T u r u ~ r ~ e - 2 r i c . r ; i t ~ r )  B u i l d i n g  
1 
I I 2 2 163.9 1 ,926  1,124 1 I 
( 1 )  A l s o  a p p l i e s  to t a b l e  2 8  for the 175O F s t a c k  gas reheat t e m p e r a t u r e  case, 
( 2 )  C o s t s  are rounded to t h ~ u a a n d s  of d o l l a r s .  
( 311.4 1 Steam Gene ra to r  Bill1din.j 5  4  1 5,972 1 4r52.3 
I I > : 1 . 6  Maintenance, S c r v l c e ,  Warehouse I i 5  830 55.9 
I i ar.d G f f l c e  Bulldlrdg 
1 
' 311.7 
1 1 Othe r  B u l l d i n g s  ( I n c l u d i n q  i 2 221 14.9 
I !%keup I n t a k e  S t r m t u r e )  
i 
1 3 1 J . 9  i I On-s l t e  W?sce Trea tmen t  ( I n c l u d -  0.5 55 3.7 , ing Water T rea tmen t )  B u i l d l n q  
I 3 1 2 . 1  i 
1 
I r Excavat ion  fo r  Coal and Limestone 14  1 1 , 5 4 9  104.3 Handrinq and  C i r c u L a t i n g  Water i 
1 i b 
4,727 
657 
175  
1 4  
1,225 
4,256 
591 
1 5 8  
39 
1,104 
t I 
Appendix f) 
Comparison of the ECAS and Modified 
Reference Plant Design Parametem 
Table XXXI presents a comparison of the New Source Performance 
Standards in effect at the time of the ECAS study and those at the 
time of this study with the ECAS reference plant and modified rafer- 
ence plant design emission parameters, respectively. 
Column 2 of the comparison lists the relevant limits applicable 
to each of the reference plants. 
It is clear from the 1979 NSPS limits listed that each of the 
FCAS limits were significantly revised downward reflecting the 
greater demands on the utility industry to reduce emissions of 
pollutants to the environment. It is also clear that the parcicu- 
late emissions limit received the most severe reduction by greater 
than a factor of 3, compared with the reduction of sulfur dioxide 
emissions by a facLor of about 1.7, and nitrogen oxides by a factor 
of about 1.2. Of note is the absence of any reference to calciner 
emissions in the modified reference plant. This resuits fron. the 
deletion of on-site lime production from the modified plant for 
the reasons discussed in Appendix A, Technical Assessment A 2 . 0 .  
The calciner particulate emission limit listed for the ECAS plant 
i r  based on the Code of Federal Regulations, Subpart F - Standards 
of Pprtormance for Portland Cement Plants (Ref. 3 )  
Column 3 of table 11 lists the design potential emissions from 
the ECAS and modified reference plants which would be released if 
no emission controls were applied. The word "design" should be 
recognized as indicating that these values are larger than mean 
(or average) operating valaes to provide a margin to account for 
the variabiiity of the fuel characteristics as discussed in section 
3.3 snd section A 1 . O .  The desiqn values listed far the ECAS plant 
arc based on the parameters as they appear in various places in the 
W A S  report (Ref .  Al). The corresponding values for the modified 
plant arc systematically calculated from the characteristics of the 
TABLE XXXI. - COMPARISON PF THE ECAS REFERENCE STEAK POWER PLANT EMISSION 
PARAMETERS WITH THE ECAS EMISSION LIMIT REQUIREMENTS AND THE MODIFIED 
REFERENCE STEAM PCWEP PLANT EMISSION PARAYETERS WITH THE JUNE 1979 
NSPS EMISSION LIMIT REQUIREMENTS 
Emission Limit ECAS Reference Plant Reported I I Required for } I 
Particulates 
Boiler (lb/106 Btu 
heat input) 
Calciner (lb/ton of 
limes tone f ced) 
so2 
Boiler (lb/106 Btu 
heat input) 
Calciner (lb/ton of 
1 ilaes tone feed 
c6mpliance 
- 
1 Potential Emission (1) I Reduced Bmission 
1 1 
NOx 
 oiler [lb/lo6 ~ t u  I 0.7 
0.092 ( 4  1 
Unspecified (5) 
heat input) 
Calciner 4 lb/ton of None ( 9 )  None None 
limeastone feed) 
esign Value 
1 Percent Reduction (15) Required - Provided 
I 
A 
98.5 I 90.6 
Unspecified 
0.0 0.0 
6.7 6-7 
I 
, None None 
J 
1979 NSPS 
Emission Limit Modified Reference Plant Design Value (10) 
Required for Percent Reduction (lr, 
mission Caap l i ance Potential mission (11 Reduced mission Required Prwid* 
Particulates 
(lb/106 Btu heat 0.03 0.7 (12) 0.03 99.7 99-7 
input) 
- 
S0flb/106 Btu hest 0.72 (13) 8 3 0.83 90.0 90 ;z 
input) 
NO 
Vlb/lo6 Btu heat 0.6 0.75 (14) 0.6 20.0 2C.O 
input) . 
*See pages 202 and 203 for explanation of footnotes 
NOTES TO TABLE X X X t  
(1) Eased on 11 linsis No. 6 coal with a 9.6 percent (wt? design 
total ash (75 percent fly ash, 25 percent collected boiler 
slaq and fly ash), 4.5 percent (by w t )  design sulfur content 
( 7 . 9  percent mefin value), 10,788 Btu/lb design heat value. 
(2) A t  the entrance to the ESP. Based on coal characteristics 
Listed in Fof_t3 1 (0.096 lb total ash per lb. coal x 0.75 lh. 
6 f 11. :ash ' I  . wtal ash x 10 /10 ,788 Btu per lb. coal). 
i : ] . ) , . ' t , , r  ,- , . I  'r ,c feed at the entrance to the calciner bag- 
k o u ,  , i ;. cc: on coal characteristics listed In Note 1 and 
1 i ; !  . - t  coal fired per 119,050 pph of limestone feed 
l c .  t i  , :abie 9, p .  29) (13,810 pph of coal x 0,096 lb. 
1 , I *  3 ~ r  per lh. coal x 0.75 lb. fly ash per lb. total ash 
>. l + q L  ' IL). per ton/119,050 pph of limestone). 
. =  I 
, I ;  .. . . -11 the electrostatic precipitator. This emission is 
., %.rtiit.-il to bc the same as that at the stack, where compliance 
-.a.as;arcments were to be carried out at the time of the ECAS 
>: . \ i i~y  (Ref. Al) . 
:a1 ciner emissions were not specifically covered by New 
Sour?c Performance Standards at the time tho ECAS study was 
calricd out ( s e e ,  for example, Ref. All. The calciner emis- 
siano, though, were probably expected to be similar to those 
,: Pnrtf~nc! cemcn: factory which were covered by a particu- 
late ernlss~d~i l l m i t  of 0.30 lb/ton of feed, as listed. A 
t~aqn3use  was therefore included in the ECAS reference plant. 
f iclcncy was not specified, however. 
j F x - " 5 s  scrubbinq capability is included in the ECAS reference 
6 
plant which reduces emissions below the 1.2 lb S02/10 Rtu 
r , ~ - a t  i ~ p u t  l i n i  t rcauired for coals with 3.9 to C . 5  ~ercent 
( w * !  sulfur c * a n t .  
- %,-, S n  e m j  G * ; + A -  t, - . - . ? : - ~ J C O ~  
2 by :2 dirt--t coal-fire+ calciner. 
C 1 ! + 70 Si 1. Q .  ' - . = ' - r .  t)v ? rtr- coa 1 tamt jus  t 1 on j c t r a p ~ e r ?  h~ t h e  
! , pi+ *arr*dur* sr" i + j n- i 1 c q ~ + r ~ f ~  are + e t 3 * l  1 rr-yj 
ORIGINAL PAGE IS 
tlv B( w)H QCALITY 
NOTES TO TABLE X X X I  (Concluded) 
( 8 )  The ECAS report (Ref. A1) states that NO, ia controlled by 
staged combustion in the boiler. No additional contrala were 
included. The value listed is typical of an uncontrolled 
high turbulence coal-fired burner design in about 1975. 
( 9 )  Calciner NOx emissions arc not covered by a New Source Per 
formance Standard, since t h e  calciner fuel conbuation tcmpera- 
turc is low enouoi~ to make NOx production and emiymion inriu- 
nificant. 
(10) In contrast to the ECAS reference plant (Ref. Al), or-site 
calcination is not included in the modified rcferenc~ plant. 
(11) Eased on the same Illinois No. 6 coal characteristics li~ted 
in Note 1 except for the desiqn total ash content dhich is 
increased to 12.5 percent (wt) to conservatively allow for 
utilization of t h e  alternate (ETY) coal which has a greater 
total ash content than the  primary (ECAS) eoal (see table 111. 
(12) At the entrance to the nlectrostatic precipitator. Based on 
the coal mean values listed in Note 11 (0.125 1%. ash per lb. 
coal x 0.75 lb. fly ash per lb. total ash x 10'/?0,788 Btu 
per lb. coal). 
(13) 10 percent of the potential emissions (90 pcrcent reduction), 
based on primary coal desiqn sulfur conter~t and heat calgc 
listed in Note 1. 
(14) NOX is controlled in the boiler. Maximum e mission^ arc 
quaranteed by the manufacturer. The value llsted is typlca~ 
of an uncontrolled high turbulence coal-cirec hurner dcsrct~  
in about 19?5. 
i 1 5 )  Additional scrubbrnq capability is pravlded t c ~  account fo* 
c3a1 composit1or, var~at13ns and alternate coa . ; * i l l  7 a t r o F  
I n  thc r n o d l t ~ ~ d  p lan:  compared tn t h e  Ei'AS F ~ a n r  
modified plant fuel. Thus, each of the design parameters of the 
modified plant is calculated (as shown in the notes to tabla 11) 
as the ratio of a mean potential emission quamttty plus 1 or 2 
statistical standard deviations based on engineering judgment, 
to the laem fuel heat value. 
Colunui 4 lists the reduced emissions provided by the emission 
controls applied to the ECAS and modified plants. For coapliance, 
these must be less than or equal to the emission limits specified 
in Column 2. As may be seen, this is the case. 
Column 5, broken into two parts, lists the percent reduction, 
corresponding to the ratio of the reduced emission to the potential 
emission, required to minimally comply with the applicable NSPS, 
and the percent reduction provided in the plant design, As is 
indicated, the ECAS plant design provided slightly more than the 
required NSPS percent reduction for particulates, and 4.5 percent 
excess reduction for sulfur dioxide. As discussed in section A5.0, 
nitrogen oxides were controlled to meet emission limits by internal 
boiler design. For comparative purposes, however, a typical value 
for an uncontrolled high turbulence coal-fired burner design in 1975 
is listed. Similarly, the modified plant design provides the re- 
quired 1979 NSPS percent reductions for particulates and sulfur 
dioxide. NOx is again controlled by internal boiler design, and 
again for comparative purposes the same uncontrolled NOx emission 
value is listed. No excess particulate or SO2 reduction capability 
is provided in the modified plant design, since by definition, the 
modified plant design parameters are conservatively calculated to 
provide the necessary margin to account for expected fuel variations. 
It should be noted also that a significant part of the increase of 
the particulate reduction requirement above that required for the 
ECAS plant arises from the usual utility industry practice built 
into the modified plant to burn primary and alternate coals, as 
discussed in section 3.3 and section A1.0. This is in contrast to 
the ECAS plant which burns only one coal. The primary coal character- 
istics correspond to those specified in ECAt study, and the alternate 
coal characteristics correspond to those 8pcifi.d in the aginscrr- 
ing Test Facility (W) atudy (Ref. 3). Sin- the @Itamate caal 
design total ash content (12.5 percent (by w t ) ,  m a n  plum 1 8td. 
dev.) is considerably greater than thet  of the primary -1) 10.5 
percent (by w t ) ,  the gxeater particulate reduction requirement for 
the modified plant was determined by the capability to utilize the 
i alternate coal. 
r 
I 
I 
I 
L 1 - t 
*- 
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Appendix E: 
ECAS Reference Plant Detailed Capital 
Cost Estimates a s  of Mid-1975 
This appendix contains the de ta i l ed  cost e.~rmatea f o r  the 
ECAS reference plant a s  o f  mid-1975, developed during the  ECAS 
study (Ref. A l ) ,  recast i n  the  format specified for t h i s  study. 
Table X X X I I  presents the 250O F (39d0 K) .tack gas reheat case 
and table  X X X I I I  presents t h e  175O F (353O K) stack gas reheat 
case. These est imates form the bas i s  f o r  the updated ECAS refer-  
ence plant cost est imates ,  as of mid-1978, presented i n  s ec t i ons  
7 . 2  and 7 . 3 .  
TABLE X X X I I .  - ECAS REFERENCE CONVENTIONAL FURNACE COAL-FIRED 
POWER PLANT WITH WET SO2 SCRUBBER CAPITAL COST 
ESTIMATE DETAILS AS OF MID-1975 
(250° F Stack Gas Reheat Temperature ( 1 ) )  
(Mid-1975 Dollars) 
+See page 221 for explanation of footnotes 







TABLE X X X I I .  - (Continued) 




TASLE XZXII. - !:oncluded) 
-- 
4 
~ a r n ~ l & u l l v l a i o a  %Ic~I>~ C M %  
ma l a m  nmtallatiam I d i r e  
-t -1 
? r r l e  Coat (3 )  Gas; 14) & l l w ~ c c ( 5 )  Coat 
2 . 0 1 ~ , 0 0 0  421,864 2 . ~ 3 1 . 1 0 4 ~  
! IS"OC'.&-es L Iy Y D V e n e ~ t ~  _ I 
Total Sub4Iviaion 350.2 42,320 421,864 1 .S31 , lU  
458 P?J&, Fm, tSoC, 24/593kV 
- 
:rSr.r of : ~ r r c t  Account. 310. to 350. 60,32S.63! x l . w 3 . m o  
--
A ; i  5cr.rrccc b ?re L18 
--------------------------------------------------------------------.-----------~---~-------- 41.3U.66 
Wrrmt o i  8a:ancr of Plmat 
"arrrlalr, inntal lat  Ion 
Indlrcct Coats ( 9 )  
~ s c a l a t i o n  6 Intcm.t ---------------------------------------------------------------------------- 121,613.0 
'hrlne Conmtrrwtlen 0 54.8 
pcrcr?: 1 5 . 5  yr.Canatr. p r t  
6 . 5  pcrcmt ~ n c n l a t l o n  -tea 
10 p-rcrnt lnterrat rate) (10) 1 
Total Plant Capit11 Come in  Jan. 1-1 Dollar* -----------------.------.----------------------------------------------------- 6%,rn,.761 
*See paqes 221 and 222 for explanation of footnotes 
pr 
- - 
NOTES TO TABLE XXXII 
(1) Based on ECAS r e p o r t ,  t a b l e s  1 5  and 16 (Ref. A l ) .  
( 2 )  I d e n t i f i c a t i o n  numbers c o n s i s t i n g  o f  letters and numera l s  r e f e r  
L 
t o  t a b l e  1 5  of  t h e  ECAS r e p o r t ,  r ep roduced  i n  Appendix C pages  
1 7 8  to  180 ,  f o r  r e f e r e n c e .  I d e n t i f i c a t i o n  numbers c o n s i s t i n g  of 
1 numera l s  o n l y  r e f e r  t o  t a b l e  1 6  o f  t h e  ECAS r e p o r t ,  r ep roduced  
i n  Appendix C pages  1 8 1  t o  187 ,  f o r  r e f e r e n c e .  Re fe r ences  t o  
1 
I o t h e r  ECAS r e p o r t  t a b l e s  are as i n d i c a t e d .  
I 
I (3 )  Based on $11.75 p e r  d i r e c t  f i e l d  l a b o r  manhour, a s  employed i n  t h e  
I ECAS report (Ref. A l ,  page  33) .  
I 
I ( 4 )  Based on $10.58 p e r  d i r e s t  f i e l d  l a b o r  manhour ( abou t  90 p e r c e n t  
of  t h e  i n s t a l l a t i o n  c o s t )  as employed i n  t h e  ECAS r e p o r t  (Ref.  A l ,  
I page 33) . 
I 
I ( 5 )  Based on t h e  20 p e r c e n t  c o n t i n g e n c y  r a t e  i n c l u d e d  i n  t h e  ECAS r e p o r t  
1 (Ref. A l ,  page 4 4 ) .  
I 
I ( 6 )  The costs of t h e  b u i l d i n g s ,  s t r u c t u r e s  and e x c a v a t i o n s  l i s t e d  i n  
1 
Accounts  311.3 ,  311.4, 311.6, 311.7, 311.9 and 312.1 are c a l c u l a t e d  
u s i n g  t h e  e s t i ~ i a t e d  p e r c e n t a g e s  o f  t h e  sum o f  t h e  costs of I t e m s  
5.1, 5.2 and 5.3 of Ref. A l ,  t a b l e  16 ,  l i s t e d  i n  Appendix C ,  page  
199,  t a b l e  XXX. S e e  a l s o  page  181 ,  t a b l e  X X V I I .  
I 
1 ( 7 )  The s e p a r a t e  h a l a n c e - o f - p l a n t  materials costs f o r  t h e  f e e d w a t e r  I b o o s t e r  ( 2 )  and main f e e d w a t e r  ( 3 )  pumps are e s t i m a t e d  from t h e  ! combined ba l ance -o f -p l an t  materials cost o f  t h e s e  f i v e  pumps 
($3 ,220 ,000) ,  l i s t e d  i n  Ref. A l ,  t a b l e  1 6 ,  a s  f o l l o w s :  The com- 
b i n e d  equipment  cost o f  t h e  pumps $3,070,000 ( ( 2 )  x ($125,000) 
+ (3 )  ($940 ,000) )  is s u b t r a c t e d  from t h e  combined ba l ance -o f -p l an t  
I m a t e r i a l s  c o s t  and t h e  remainder  ($150,000) d i v i d e d  by t h e  t o t a l  
1 horsepower  of t h e  f i v e  pumps (45,500 hp)  r e s u l t i n g  i n  $3.30/hpm 
T h i s  c o s t  p e r  horsepower  is t h e n  m u l t i p l i e d  by t h e  horsepower  of 
t h e  two f eedwa te r  booster pumps, f o r  example ,  t o  g i v e  $25,410 
(7700 hp  x $3.30/hp)  and t h e  equipment  cost o f  t h e  t w o  pumps, 
$150,000, added t o  t h e  p r o d u c t  t o  g i v e  $275,410. T h i s  f i g u r e  is 
t h e n  rounded t o  $275,500. S i m i l a r l y ,  t h e  cost o f  t h e  main f e e d w a t e r  
NOTES TO T.'DLE XXXII (Concluded) -
pumps is estimated as $2,944,740 (i.e., ($3.30/hp) (38,70O/hp) 
+ 3($940,000)), which is rounded to $2,944,500. The 10 MH com- 
bined direct labor manhours, also listed in Ref. Al, table 16, 
used for calculatinq the installation and indirect cost, is 
broken down accordinq to the fraction of the total horsepower 
represented by the pumps. The feedwater booster pumps are thus 
allocated 2 M11 ((7700 hp/45,500 hp) x 10, rounded to 21, and the 
main fccdwater pumps 8 MH ((37,800 hp!45,500 hp) x 10, rounded to R ) .  
( 8 )  Thc separate balance-of-plant materials costs for the stack gas 
rchcat system forced draft fans and reheat air heaters are esti- 
mated from the comhined $3,090,000 balance-of-plant materials cost 
listed in Ref. Al, table 16, as follows: The combined equipment 
cost of the f a n s  ~ n d  heaters, $2,880,0?0 (6~$200,000 + 6~$2R0,000), 
is subtracted from the combined balance-of-plant materials cost. 
T h e  rrmalnder, $210,000, is divided equally between the fans and 
hcatcrs, and ont- 5105,000 part is added to the equipment cost of 
thr fans, the othpr to the equipment cost of the heaters, to qive 
$1,305,000 and $1,785,000 for the respective balance-of-plant 
materials costs of each. The direct labor manhours are estimated 
t n  bc 50 percent of the 27 MH listcd, rounded to 13 MH, for the 
f o r c e d  d r a f t  fans, and 50 percent of the 27 MH, rounded to 14 M I i ,  
fnr thc reheat a i r  heatcrs. 
(9) Includes the 20 percent contingency in Note 5 applied to the 15 
pcrccnt AJE scrviccs and fee rate employed in the ECAS report 
(mi.  Al, pagc 4 4 )  to account for the change in the order of 
applyinq the contingency and A / E  Service and Fee rates in t h i s  
study compa~cd to the ECAS study. 
(10) Rased on the quidclines specified by NASA for the ECAS study (Ref. ~ 6 :  . 
(11) The sum of the Plant Capital Cost and Escalation and Interest During 
Construction divided by (1.065) 505 to adjust the Total Plant Capital 
c80st in Jan. 19R1 st the completion of the 5 . 5  year construction 
pcriod to mid-1975 dollars. 
TAELE XXXTII. - E C k S  PEFEREKPE CO?.JIIEIJTIONAL FURNACE COAL-FIRED 
P3WER PLk!JT WITH WET S92  SCPUEEER CAPI'ZAL COST 
ESTIMATE D E T A I L S  A S  O F  MID-1975 
11750 F Stack Gas Reheat Temperature (1)) 
(Mid-1975 Dollars) 
b a d r  and U t l r o a d a  
Tard and P l m r  t i re 
h o t c c t f o a ,  Pence* a d  
- tee  
t o t a l  k c o w n t  111. 
S t o m  and a a q l c a r y  mewera, son- 
proccqr  a e r v f c a  v a t a r  
).llroad apur ,  road r .  walk# and 
pa rb lng  arcam 
Lar thuork.  pond I t u l n a ,  o f f -  
a t t a  p I p r l f o o  
L X C ~ V ~ ~  I-, a u b a c m ~ t ~ r . ,  a*- 
u a t c r l n g  and p i l i n g ,  i n c l u d i n g  
cxcava t lon  and aubmtruccure 
f o r  c r anno taa lon  p l a n t  w l t c h -  
yard  
3 l l . c l  1 5.1.9.3 I - I t x e a v a c l m ,  aubat  ruceuro. do- I u a c c r l n a  and p l l l n g  I ' - I  I Lncloaure  a c r u c t u r e  and r c r -  v t r r a  
-- 
*See page 237 for explanation of footnotes 
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+ 
LCAS n a t e r t a l  ~ o m t a  
mC Report r c a ~ m ~ / ! S r M i v l m l a a  
kc*-lt I d m t .  nil J o r  h l m u e  I m a t a l l a t t s s  I d t m r  ~ o n t L r y . r  TU.1 
p~-Z!+er ~ o ( s ) .  (2) t i t 1 0  Demcriptton/Specif l c a ~ t e ~  C-onent of P lan t  Cost (3) Coat (4) N l a ~ r n ~ ~ ( S l  Cat 
111.5 rrlntemance. Service, T o t a l  ~ u b d l v t m t a  311.6 - 830,oC'o 657,000 591,060 41S,609 2,493.- 
Yarc\ovw and Off fee  
=.!?< fServ!ce 
Bul l C l r -  
311.61 5.1.S.3 - - - - - - Cxeavetloa, mbat ruc tuN.  - 
d. .nter lns and p l l l n a  
- - - - - 
1 
311.67 5.2 - !Wi ld lag  Structmre m d  - 
m*rrlces 
311.' . . J - . . S . ~  O r h e r b l l d l n ~  T o t a l  Subdlrlmlos 311.7 - 221,600 171,000 U8,OOO 1 1 0 , ~  u4.w 
Lxcav8Cfoo and mCMtUre f 0 t  
u i reup  water  istatre 
311.8 Cranes mod Ilolstn Tor.1 Subdlvimlan 311.8 - 410,000 35,250 31,740 *ern 572.- 1.7 
Qane md acceswrlem I n  
t u r b i n e  h a l l  
Waste Trcah.uc T o t e l  Jubdlvlaiaa 311.9 - SS,OOO 44.000 n , ooo n.- ;45.600 
l I ac lud ln8  Water Treat-  
cen t )  Bu:ldlng E r e a v a t i o n , e u b m t w t c r ~  bu l ld lng  mtructure aad mwwlcea; 
I l m ,  alum. Ion exchange 
rea in ,  ac td ,  caus t ic  and 
c h l o r i n e  .tarace tmnks; rea len t  
r t e r l n a  and fredlng -a; 
r lxerm; c l e r t f l e r r  
___-_---- 
- 
*See page 237 for explanation of footnotes 
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r rx -  mtmr1.1 Oat. 
hwt x 6 ,  -)or -1- X . o u l l a t b n  X d l n c t  bti- W 
w&r a i m )  . f a )  Tttb PmrlprIsrr/.orciClutia -nt of ?lmt Cat (3) cat  (41 All-(¶ -t 
4.e. 2,57),25i 2 . 1  1 . 9 4 .  11.652. i~ 
'312.42 ' -7 Inst-ntatlor,  8nd xn t .g ra r rd  
- 
b l l r r  eatrol8,mller/ 
i 
Cone r o l s  
t u r b t ~  ~ 0 0 r d l ~ t 1 W  
c o n t r o l s .  u l n  ~ h .  
system w n c r o 1  board., 
s r s p l i n q  ny,tem I m l o d .  
ul.1) r e r s  M d  . rp l Inl  
pa-,el, stack mi- . ions  
~ n l t o r r ? . l q  8rst*m 
d a t a  a c q u l n l t l o n  spt-• 
h1r  preh*aterr  - 1,6110,000 2 2 m 4 . m  1 , 2 l ~ . m ~  ~*M.@u 311.43 1 -a  ~ u l l L a r l e s  f l -8  and duc t8  to  pro-  
~ l p l t a t o r 8 1  I n m u l a t l a  
roe CIWS .nd d ~ t 8 1  
prlurixers, f e e d e r 8  
arA W p r r s c  and thr 
f o l l w l n q  fur*; 
- - - 
r-9 m r d  . r a f t  e n  (2  .rpd. Operat lnq:  911.0(n cfm @ - - - 
sm.OOQ u.) sou T.S.P. wt~e t  - 19 in. r... 
h8t block:  1.161.000 C h  
135c t, S.?. o u r l r t  - 24.7 in. 
w.q. 
murr: 6.500 hp 
?-LO hluq a i r  f an8  { a  Nqd.) w r e t l r r p :  161.7W c h  * ( tnclu5.d  In  suMIr i8 Ia r .  112.413 
%Of, S.?. I n l e t -  1 9  Ln. 
v.q.. S.P. o u t l o t - 4 2  h- 
w.q. 
';.st B l d :  19?.')0 cf* 
: : I 0  T.S.?. In l e t -19  In. 
r.?.. S.P w t l r t - S 4 . 6  l n .  
",I. 
%tor: 2 .250  hy 
I d d  6r.R Cans O p w a t l n p ~  66o.m c h  C 3WO ? - P-14 - - - - - 
( 4  .rgd. Totel S.P. - I 3  In .  r... 
$220.000 ea. )  h w t  b lock:  800,000 c h  W 
>asp f, Tom1 s.?. - 30 i n .  
v.9. 
mtorr S.000 W 
* - .  
*See page 237 for explanatian of footnotes 
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~ r l ? U ~ l f l c r t l o r ,  m n n t  -* PI- b e  0 )  O.t 1 0  *1hnmwtS l  ~ . t  
- - 
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W 3 . W  w f r  n M(P I. In- 
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amcamem me& 
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5m f t .  hi* 
J l l  .?I 1- Cu -r .f.a cM.1 SdAlr lmba 112.71 - w0.m O I . ~  71.- all.= 1.a7 .sn  
8.14. w . r a f t  tam q . r a t ~ ~ :  r Z 3 . m  d m  - 555.000 J S . ~  JI . ~ a  124.- 7 W . m  
T - U  "' mh.mUI a l e  (6 "qd. 0 0 e r.9bt.l S.?. - 
1 ~ 5 . 1 3 9  0.. I 3.S In. w.9. 
-st b l a h :  147.OQO c h  
10s'' ? .mu1  #.?.- 
4.ss In. w.9. 
-or: :53 
8.14,  m u d  rohmt 8tr 2 -5  r t .  h i e ,  10.2 f t .  - 5 .  47,- 42.30 521.1Y 
p -  L..C~" (a ~ l - I  n d  . rib 10.7 ft . 1- .ull 
$5j.M9 oe.1 
i 1 
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NOTES TO TABLE XXXIII 
(1) Based on ECAS report tables 27 and 28 (Ref. All. 
( 2 )  Identification numbers consisting of letters and numerals refer 
to table 27 of the ECAS report, reproduced in Appendix C pages 
188 to 191, for reference. Identification numbers consisting of 
numerals only refer to table 28 of the ECAS report, reproduced in 
Appendix C pages 192 to 198, for reference. References to other 
ECAS report tables are as indicated. 
(3) Based on $11.75 per direct field labor manhour, as employed in the 
ECAS report (Ref. Al, page 33). 
( 4 )  Based on $10.58 per direct field labor manhour (about 90 percent of 
the installztion cost) as employed in the ECAS report (Ref. A1 , 
page 33) . 
(5) Based on the 20 percent contingency rate included in the ECAS report 
(Ref, Al, page 44). 
(6) The costs of the buildinqs, structures and excavations listed in 
Accounts 311.3, 311.4, 311.6, 311.7, 311.9 and 312.1 are calculated 
using the estimated percentages of the sum of the costs of Items 
5.1, 5.2 and 5.3 of Ref. Al, table 25, listed in Appendix C, page 
199, table SXS. Note that the same table applies to both the 250° 
and 175O F (394O and 353O K) reheat cases. 
(7) The separate balance-of-plant materials costs for the feedwater 
booster (2) and main feedwater (3) pumps are estimated from the 
comb~ned balance-of-plant materials cost of these five pumps 
($3,220,000), listed in Ref. Al, table 28, as follows: The com- 
bined equipment cost of the pumps $3,070,000 ((2) ($125,000) + (3) 
($940,000)) is subtracted from the combined balance-of-plant mater- 
ials cost and the remainder ($150,000) divided by the total horse- 
power of the five pumps (45,500 hp) resulting in $3.30/hp. This 
cost per horsepower is then multiplied by the horsepower of the 
two feedwater booster pumps, for example, to give $25,410 (7700 hp 
x $3.30/hp) and the equipment cost of the two pumps, $250,000, added 
to the product to give $275,410. This figure is then rounded to 
JOTES TO TABLE XXXIII (Concluded) 
$275,500. Similarly, the cost of the main feedwater pumps is 
estimated as $2,944,740 (i.e., ($3.30/hp) (38,700 hp) + 3($940,000)), 
which is rounded to $2,944,500. 
The 10 MH combined direct labor manhour?, also listed in Ref. Al, 
table 28, used for calculating the installation and indirect costs, 
is broken down according to the fraction of the total horsepower 
represented by the pumps. The feedwater booster pumps are thus 
allocated 2 MH ((7700 hp/45,500 hp) x 10, rounded to 2) and the 
main feedwater pumps 8MH ((37,800 hp/45,500 hp) x 10, rounded to 8). 
(8) The separate balance-of-plant materials costs for the stack gas 
reheat system forced draft fans and reheat air heaters are estimated 
from the combined $900,000 balance-of-plant materials cost listed 
in Ref. Al, table 28, as follows: The combined equipment cost of 
the fans and heaters, $810,000 (6x$85,000 + 6x$50,000), is subtracted 
from the combined balance-of-plant materials cost. The remainder, 
$90,000 is divided equaliy between the fans and heaters, and one 
$45,000 part is added to the equipment cost of the fans and the 
other to the equipment cost of the heaters to give $555,000 and 
$345,000 for the respective balance-of-plant materials costs of 
each. The direct labor manhours are estimated to be 50 percent of 
the 7 MH listed, rounded to 3 MH, for the forced draft fans, and 
50 percent of the 27 MH, rounded to 4 MH, for the reheat air heaters. 
(9) Includes the 20 percent contingency in Note 5 i.vlied to the 15 per- 
cent A/E services and fee rate empI3yed in the ECAS report (Ref. Al, 
page 44) to account for the change in the order of applying the 
contingency and A/E services and fee rates in this study compared 
to the ECAS study. 
(10) Based on the guidelines specified by NASA for the ECAS study (Ref. A6, 
(11) The sum of the Plant Capital Cost and Escalation and Interest During 
Construction divided by (1.065) 5. I. to adjust the Total Plant Capital 
Cost in Jan. 1981 at the completion of the 5.5 year construction 
period to mid-1975 dollars. 
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